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DIFFERENTIAL OC AMPLIFIER USING SENS/STOR SILICON RESISTOR. 
Writs on your company letterhead for additiona! applications and data sheet. 


HOW TO INCREASE DIFFERENTIAL DC AMPLIFIER! 
* : 


STABILITY WITH 


ee! 


Low drift transistor amplifier circuit using 
sensistor silicon resistor gives drift per- 
formance superior to vacuum tube amplifiers 
for low source impedance applications. 


The sensistor silicon resistor has a unique positive tempera- 
ture coefficient of +0.7%/°C plus a constant rate of change 
as shown in the graph to the right. Over a 15°C temperature 
range, the sensistor silicon resistor’s temperature-resistance 
curve approaches linearity to an extent that allows its use as 
a compensating component in a differential D-C amplifier. 


This low drift amplifier finds a wide range of low source 
impedance applications in airborne telemetry where the 
performance of other types of D-C amplifiers is limited by 


weight requirements, acceleration, shock, and vibration. It is 
particularly useful with low level transducers such as thermo- 
couples, strain gages and accelerometers. 


DESIGN CONSIDERATIONS 


TI 2N338 silicon transistor provides excellent performance 
as a low drift DC amplifier when used in circuits such as the 
one shown above. 


For optimum performance keep (2R, + R,) as small as pos- 
sible, preferably less than 2000Q, and the collector currents 


of Q, and Q, should remain below 100 ,,A. 
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RESISTANCE RELATIVE TO 25°C 


ACTUAL SIZE 


SILICON RESISTORS 


Drift cancellation featured in an uncompensated differential! 
configuration provides an amplifier with an equivalent! 
input drift of 400 .V/°C or less with standard production? 
transistors. 


Drifts as low as 6u.V/°C will result if the compensating cir- 
cuit composed of Q,, sensistor resistor S and their biasing 
resistors is used with a matched pair of transistors. 


CIRCUIT OPERATION 


Sensistor resistor S and its biasing resistor R; serve as a 
voltage source which has an output linearly related to temper- 
ature...level potentiometer R; adjusts output voltage E, 
to zero when E,, is zero... potentiometer R, adjusts for: 
minimum output drift due to ambient temperature changes. . 


As temperature increases, the resistance value of S also: 
increases causing the base of Q; to go more negative, thereby ° 
reducing the collector current of Q,. This temperature- 
dependent current is fed into the differential amplifier 
through R,. 

Depending on the wiper position of R,, the correcting signal 
may be positive, negative or zero. When the wiper is centered, 
zero correction results. As temperature increases, output 
voltage E, tends to go more positive if the R , Wiper is placed 
nearer the Q, emitter and negative if the wiper is placed. 
nearer Q,. The optimum setting for R , can be determined by | 
cycling over the desired temperature range to give a minimum 
drift for changes in ambient temperature. 
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Guaranteed current gains of 12, 10 and 8 db 
minimum at 100 me with new TI 2N1141, 
2N1142 and 2N1148 diffused-base germa- 
nium transistors! Alpha cutoff ratings up 
to 750 me coupled with 750 mW power 
dissipation at 25°C case temperature make 
ese newest TI transistors ideal for military high fre- 
ency power oscillators and amplifiers where assured 
liability and performance are of primary importance. 


ll units are 100% production stabilized at tempera- 
res well above their 100°C rated junction operating 
jint ... exceed MIL-T-19500A specifications ... and 
'e in stock now. 


obntact your nearest TI sales office or nearby TI 
stributor today ...for immediate delivery. 


Collector Voltage Referred to Base . . . 
Emitter Voltage Referred to Base. . . . 
Ce OO A 
Emitter Current . toc 
Device Dissipation (infinite heat sink) 

Collector Junction Temperature. . . . . 
Storage Temperature Range . . ... . 


Frequency Cutoff (Common Base) 


Vos = = 10V, men LOO00cps Se ai ar ay ae ae 
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Collector Reverse Curre nt, Vop =: — 15V, i a 0 
Saturation Voltage, I, = —70mA, Ip = 17.5mA 
Thermal Resistance irictios to Mounting Base . 
Small Signal Short Circuit Forward Current Transfer Ratio, 
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DISSIPATION DERATING CURVE — INFINITE HEAT SINK 


2N1141 


— 35 

<1 

— 100 
100 
750 

-+- 100 


- 0,97 
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CASE TEMPERATURE — °C 


2N1142 2N1143 
— 30 —25 ¥ 
won (),7 —05 V 
— 100 —100 mA 
100 100 mA 
750 750 mW 
-+- 100 +- 100 °C 
— 65 to +100 °C 
600 480 MC 
] ] pA 
2 ve Vv 
0.1 O01 °“C/aw 
50 I. 100l. mA 
0.85 0.75 
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SAMPLE LIST OF POWER * Converters, DC to DC, DC to AC 
HANDiING AND OTHER JOBS * Phase controlled DC power sup- automatic temperature control Light dimmers 
THAT CAN NOW BE DONE plies, regulated & unregulated 

BETTER BY THE G-E ° Frequency converter, current * Reversible motor control 
CONTROLLED RECTIFIER control 


General Electric Semiconductor News 


New prices, new circuits 


TI-MAGNETICS, INC. CORE TYPE 50176-6H, 


FULL WAVE REVERSING DRIVE 
REGULATED POWER SUPPLY 
bi SAAS ae A Ae hl 8 chk 
TI-SEC 
By 4 5 SCRI 
| 
33K a | 
) | 
POLARITY 8 PHASE 
4 | ANGLE CONTROL 
0 + 202} 
i 
25 ae | 
SUPPLY INI695, 
r | 
C35G | 
SCRI 
a3 
INI695 | INI695 oF a 
meine 0 4 INI695' Bs 
117 VAC CR3 CR4 Oe oe 4 INI695 “a Th 
j coh SCR3 
SUPPLY 4 
(ee es Se eee | 
S200 
3 25 - 
y aa cR2 ©-3V V 
INI306 INI3O6 
SCRI, SCR2, SCR3, SCR4- C35 
: 4 TAS * i eens Q1, 03,- 2N489 
we TASBE, 02,-2N335 | 


3 WOGS EACH 125 TURNS NO27 WIRE 


DC-TO 400VAC PARALLEL INVERTER 


GENERAL. RADIO 

TYPE 942-A 

OUTPUT TRANSFORMER 
1.3.59 


LOAD 
RI -— 3902 CRI, CR2, CR3, CR4— INI695 
R2— 100,0002 LINEAR POT. CR5~INIS27 ZENER DIODE, ONE WATT, 22 VOLTS 
R3— 33002, 5 WATT QI- 2N489 
Ci - 0.2 MFD TI- MAGNETICS, INC, CORE, TYPE SOI76-6H, 


SCRI, SCR2 — C35B 3 WINDINGS, 125 TURNS EACH OF NO. 27 WIRE 


FOUR BASIC CIRCUITS. Above are four basic designs for the Controlled Rectifier using the unijunction transistor 
as the firing means. The unijunction is a precision trigger, putting out short, high current pulses. The frequency of 
these pulses will not vary with the supply voltage or temperature, yet can be variably controlled with a silicon triode 
from a low level feedback signal. Unijunction firing circuits are easily synchronized with 60 
In short, the unijunction provides the simplest and least expensive means for precision firin 
trolled Rectifier. 

General Electric’s new silicon medium-current rectifiers, Types 1N21 
devices to the controlled rectifier for 


cycle line frequency. 
g of the Silicon Con- 


thru 1N2160, are ideal as companion 
reverse-voltage protection and, also, for applications in full-wave circuitry. 


* Power switch for Dynamic braking High speed printer 
digital computer 
Thyratron replacement for Welding control 
relay drivers Ignitron firing 
Pulse width conversion 


electronic flash 


* AC variable speed induction motor 


Circuit breaker replaceme 
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“Controlled rectifiers may revolutionize the electrical industry.” This state- 
ment was made a year ago by a respected news publication. Since then 
samples have been studied by hundreds of firms. Many new circuits have 
been developed which promise important improvements in functions, reli- 
ability, simplicity, accuracy and lower cost. In just one year prices have been 
reduced 75 percent (see chart below). And now, the G-E Silicon Controlled 
Rectifier is a standard, production-line item, warranted in writing and avail- 
able at sharply reduced prices. 

This is the time for design engineers to exploit the inherent advantages of 
the Silicon Controlled Rectifier in their circuit designs. Many applications 
are proved... the firing circuits have been refined ...the product line is 
stabilized... and it makes sound economic sense. Call or write your G-E 
Semiconductor Sales Representative for complete details. The Controlled 
Rectifier is also available from many local G-E Distributors. 


HOW THE G-E CONTROLLED RECTIFIER WORKS. The Silicon Controlled Recti- $300 
fier is a three junction semiconductor device for use in power control and 
power switching applications requiring blocking voltages up to 400 volts 


“ae A i 275 
and load currents up to 16 amperes. Series or parallel circuits may be $ 
used for higher power applications. 

The G-E Controlled Rectifier’s reverse characteristic is similar to a $25 


normal silicon rectifier in that it represents essentially an open circuit 
with negative anode to cathode voltage. The forward characteristic is such $225 
that it will block positive anode to cathode voltage below a critical break- 
over voltage if no signal is applied to the gate terminal. However, by ex- —_ $200 
ceeding the forward break-over voltage or applying an appropriate gate 
signal the device will rapidly switch to a conducting state and present the —_¢y75 
characteristically low forward voltage drop of a single junction silicon 
rectifier. 

a SRT S ee 


DETAILED NOTES are available on the application of the G-E Silicon Con- 


revolutionary G-E Controlled Rectifier 


An actual price picture 
| | of the G-E C35B (200V) 
controlled rectifier 


trolled Rectifier, plus reprints of articles that have appeared in technical $125 GeReSRREee SGERES 


journals. Write to Section $84559, Semiconductor Products Dept., General 


Electric Company, Electronics Park, Syracuse, New York. $100 He 
STEADY PRICE DROP. Since its introduction one year ago, the price of the = ¢ 75 BEEREGRABRERES 2 
AERBEEAAL 


typical G-E Controlled Rectifier has dropped more than 75 percent. This 
results from improved manufacturing techniques and volume production. 
The G-E Controlled Rectifier is now a production-line item, warranted 
in writing for one year and subjected to the same quality control tests 
imposed on all General Electric transistors and rectifiers. 


The G-E Controlled Rectifier is also available at even less cost (ZJ39L series) for 
use at 100°C and below, with currents up to 10 amperes. 
1958 


MAXIMUM ALLOWABLE RATINGS (Resistive or Inductive Load) 


C35U C35F C35A C35G C35H C35C 


Continuous Peak Inverse Voltage (PIV) 25 50 100 150 250 300 


Transient Peak Inverse Voltage (Non-Recurrent<5 millisec.) 35 75 150 225 350 400 


RMS Voltage (Vams), Sinusoidal 17.5 35 70 105 175 210 


Average Forward Current (IF) 
Peak One Cycle Surge Current (Isurge) 


Peak Gate Power 


Average Gate Power 
Peak Gate Current (Ic) 
Peak Gate Voltage (Vc) (forward) 


Storage Temperature 

Operating Temperature 
FSS Ef 
CHARACTERISTICS (At Maximum Ratings) C35U C35F C35A C35G C35H C35C 
Minimum Forward Breakover Voltage (V0) 25 50 100 150 250 300 


Maximum Reverse (Ir) or Forward (Is) Leakage Current (Full Cycle Average) 6.5 
Maximum Forward Voltage (VF Ave) 


Up to 16 amperes 
150 amperes 

5 watts 

0.5 watts 

2 amperes 

10 volts 
— 65°C to +150°C 
— 65°C to +-125°C 


6.5 ‘ 
0.86 volts (Full Cycle Average) 


Maximum Gate Current To Fire (IcF) 25 ma 
Maximum Gate Voltage To Fire (Vcr) 3 volts 


Typical Gate Current To Fire (IcF) 


10 ma at +1.5 volts (Gate to Cathode Voltage) 


GENERAL @@ ELECTRIC 
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400 volts 
500 volts 
280 volts 


C35D 
400 volts 
4.0 ma 


ZJ39L Series—lower cost series with ratings similar to above, but for use up to 100°C maximum, with forward current ratings up to 10 amperes. 
ZJ50 Series—a high-current series now in development, and available on a prototype-sample basis. 


Figure 
db (max.) 
2N327A 
2N328A 
2N329A 


Teo or Ico ! i f Noise* 
at Vcp = 20 Vde Figure 


db 


2N1034 
2N1035 
2N1036 
2N1037 


2N1074 
2N1075 
2N1076 
2N1077 


Vc = SV; In = 3mA 


RAYTHEON MANUFACTURING CO. 
SILICON AND GERMANIUM DIODES AND TRANSISTORS SILICON RECTIFIERS+ CIRCUIT PACKAGES 


New York, Plaza 9-3900 © Boston, Hillcrest 4-6700 © Chicago, NAtional 5-4000 « Los Angeles, NOrmandy 5-4221 
Baltimore, SOuthfield 1-1237 . Cleveland, Winton 1-7005 ° Kansas City, Plaza 3-5330 
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All the transistorized micro-module electronics of a military 


1664 Emerson Street, radio receiver equal to a six-transistor commercial type fit into 
Palo Alto, Calif. a teaspoon with room to spare at Signal Corps and RCA demon- 
DAvenport 4-266] stration of progress in the Army micro-module program. Cubical 


micro-modules, measuring a third of an inch on each side, are 
made of micro-elements stacked to form modules which perform 
complete circuit functions. Photo, courtesy RCA. 
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MERCK HAS 
ALL FOUR FORMS OF 


IN PRODUCTION QUANTITIES 


For additional information on specific applica- 
tions and processes, write Merck & Co., Inc., 
Electronic Chemicals Division, Department 
ES-4,Rahway, New Jersey. 


ULTRA-PURE 


MERCK DOPED SINGLE CRYSTAL SILICON—offers doped float zone single 
crystals of high quality at low costs. Yields of usable material are reported to 
be especially high when device diffusion technics are used with these 
crystals. Float zone single crystals doped either “p” or “‘n” type with resis- 
tivities from 3 to 300 ohm cm. any range plus or minus 25% and a minimum 
lifetime of 100 microseconds are available in diameters of 18 to 20 mm., and 
random lengths of 2 to 10 inches. 


NOTE: Doped single crystals in other diameters, resistivities, or lifetimes not listed above can be 
furnished as specials. 


MERCK HIGH RESISTIVITY “P” TYPE SINGLE CRYSTAL SILICON—offers float 
zone single crystals of a quality unobtainable by other methods. Available 


with minimum resistivity of 1000 ohm cm. “‘p” type and a minimum lifetime 
of 200 microseconds, diameter 18 to 20 mm., random lengths 2 to 10 inches. 


MERCK POLYCRYSTALLINE BILLETS—have not previously been melted in 
quartz, so that no contamination from this source is possible. Merck guar- 
antees that single crystals drawn from these billets will yield resistivities over 
50 ohm cm. for “‘n” type material and over 100 ohm cm. for “‘p” type ma- 
terial. Merck silicon billets give clean melts with no dross or oxides. 


MERCK POLYCRYSTALLINE RODS— are ready for zone melting as received... 
are ideal for users with float zone melting equipment. Merck polycrystalline 
rods are available in lengths of 8/4 to 10% inches and in diameters of 18 
to 20 mm. Smaller diameters can be furnished on special order. In float zone 
refining one can obtain from this material single crystals with a minimum 
resistivity of 1000 ohm cm. “‘p” type with minimum lifetime of 200 micro- 
seconds or the material can be doped by user to his specifications. 


© Merck & Co., Inc. 


Niligon —a product of MERCK 


BASE BORON CONTENT BELOW ONE ATOM OF BORON PER SIX BILLION SILICON ATOMS 
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MEDIUM POWER SILICON RECTIFIERS 


High current — 7% stud base 
MAXIMUM CASE TEMPERATURE RATINGS 


Peak Maximum Average Maximum Forward Voltage at 
Inverse | Rectified Current(amps) Surge Current Specified Current at 
Voltage 50°C 150°C (5 milliseconds) 25°C 

} 200 | 3 


Maximum Average 
NAE Inverse Current 


Number 


l.lv at 3 amps 


NORTH AMERICAN ELECTRONICS, INC. 


3 212 Broad Street, Lynn, Massachusetts 
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ene ee Recent Developments in 


«“Electronic-Grade” Chemicals from Baker & Adamson” 


To meet the exacting needs of the electronic industry, 
Baker & Adamson has developed a broad line of spe- 
cial high purity “Electronic-Grade” chemicals, met- 
als and other materials. Among its newest specialties 
are the products featured below. 

Our new folder, “B&A Electronic-Grade Chemi- 
cals,” lists them all, with specifications for some... . 


Low-Melting Glasses for Encapsulation 
B&A low-melting-point glasses hold promise of a major 
breakthrough in economical and highly efficient protective 
coating of semiconductors, capacitors, diodes and other types 
of electronic devices. Coating can be accomplished by dip- 
ping or preform operations. These new encapsulating agents 
are now available in research quantities. 


B&A special high purity solvents for washing and drying 
semiconductor crystals are quality controlled by resistivity 
measurement — a new technique developed by B&A which 
makes it possible to detect and control impurities to a degree 
surpassing all previous quality standards. 


brief description of properties and applications for ' 
others. Write for your free copy now. 

Remember — as America’s foremost producer of ' 
laboratory and scientific chemicals, B&A has the wide | 
range of products, the versatile production facilities 
and the specialized experience to meet virtually every ° 
electronic chemical need. 


Special High Purity Germanium 

B&A offers the electronic industry a dependable domestic 
source of special high purity germanium dioxide and ingots 
of germanium intrinsic or first reduction metal. B&A ger- 


manium dioxide is dustless and free from fine particles. It 


has 60% to 70% higher bulk density and contains about 0.5% 


less volatile than many other oxides. 


BAKER & ADAMSON® 
“Electronic Grade’’ 
Chemicals 


llied 


hemical 


GENERAL CHEMICAL DIVISION 
40 Rector Street, New York 6, N. Y. 
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GENERAL INSTRUMENT SEMICONDUCTOR DIVISION 


Radio Receptor / Si 


IN 
eo ON 
CHARACTERISTICS 


high speed e high conductance ¢ high temperature 
high voltage « high back resistance 


eee ee ewe eee eee evseeeeaeneeeraneneeeaee 


Semiconductor Division 
GENERAL INSTRUMENT CORPORATION 
a 65 Gouverneur Street, Newark 4, N.'J. “ 
> GENERAL INSTRUMENT CORPORATION INCLUDES F.W. SICKLES DIVISION. 
J . AUTOMATIC MANUFACTURING DIVISION. RADIO RECEPTOR COMPANY, INC. 
AND MICAMOLD ELECTRONICS MANUFACTURING CORPORATION (SUBSIDIARIES) 


"4 pe 0 
So wece? 


GENERAL INSTRUMENT DISTRIBUTORS: Baltimore: D & H Distributing Co. » Chicago: Merquip Co. + Cleveland: Pioneer Electronic Supply + Los Angeles: Valley 
Electronics Supply Co.. Burbank « Milwaukee: Radio Parts Co., Inc. « New York City: Hudson Radio & Television Corp., Sun Radio & Electronic Co. « Philadelphia: 
Herbach & Rademan, Inc, « San-Diego: Shanks & Wright Inc. * San Francisco: Pacific Wholesale Co. ¢ Seattle: Seattle Radio Supply * Tulsa: Oil Capitol Electronics 
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Metallurgists & Specialists in Unusual Products... 


High-Purity 
METALS 7 


Semi-Conductor 


Devices 


GOLD doped with N-type or 
P-type elements—supplied in 


form of wire, sheet or ribbon 


and cut or stamped pieces. 


CHEMICALLY-PURE 
ALUMINUM WIRE 


As small as .002” 
(approximate) 


SINCE 1901 INDIUM electroplated 


base or precious 


metal wires. 


Write for list of products 


SIGMUND COHN CORP. 


121 South Columbus Avenue + Mount Vernon, N. Y. 
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BOOK 


REVIEWS .. .. 


TITLE: Transistor Technology Vol. I 


AUTHORS: Bridges, Scaff, Shive | 
PUBLISHER: Van Nostrand, New York: 


Transistor Technology, Volume I, is: 
one of the Bell Laboratories Series of f 
the basic works on the processes of the : 
manufacture of transistors. 

Chapter I of the first section is devoted { 
to methods of recovery of pure germani- - 
um from germanium dioxide by a two- - 
step reduction in hydrogen at elevated | 
temperatures. The actual process is de- - 
scribed in detail, from raw material to) 
final ingot, together with methods of ° 
test. 

Chapter II is devoted to a thorough . 
description of the zone-melting processes. 
The normal-freezing method of purifica- 
tion is defined with a complete discussion 
of merits and disadvantages. Purification 
by zone-refining is considered in terms 
of a careful mathematical analysis. The 
process is described in considerable detail 
with precautions, methods of test, and 
descriptions of equipment used. 

Part II of the book deals with the prep- 
aration of single crystals. The germanium 
lattice must be well defined, and known , 
amounts of impurities must be added to 
the crystal which is separated from the 
germanium melt by means of a pulling 
process. The distribution of solute ele- 
ments is treated in detail in chapter five 
with transient methods of impurity ad- 
dition outlined in Chapter VI. Mechanical 
preparation of germanium single crystals, 
with resistivity controls and techniques 
of evaluation are clearly discussed in 
Chapter VII. 

Part III of Transistor Technology is 
entitled: ‘Principles of Device Fabrica- 
tion,” and constitutes the major part of 
the book. The complete evolution of the 
transistor from design theory to final 
encapsulation is explained. The book 
omits practically no details, from dia- 
mond-saw dicing to final electrode 
attachment. 

The balance of the book, Part IV, is 
devoted to principles of transistor per- 
formance, characterization. The electrical 
equivalent circuit of the transistor is 
developed as an introduction to measure- 
ment techniques. The book also contains 
a complete listing of various transistor 
parameter terms as found in the litera- 
ture and is recommended by the I. R. E. 

Transistor Technology, Volume I, isa 
profusely illustrated, well written, basic 
source of information about the manufac- 
ture of transistors. There is much to be 
learned from the lucid descriptions of 
the physical problems, as well as methods 
of evaluation. This book is current, and 
perhaps the most complete single source 
of information about laboratory processes 


in the development and production of the 
transistor. 


TITLE: Transistor Technology Vol. II 
AUTHOR: Edited by F. J. Biondi 
PUBLISHER: Van Nostrand 


Volume II of the Bell Telephone 
Laboratories Series TRANSISTOR TECH- 
NOLOGY is a_ continuation of the 
presentation of methods of development 
of the transistor. This volume stresses 
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| 

, 

/ the design of the transistor in terms of 

desired characteristics. 

| The book is divided into two sections: 

. Technology of Materials and Principles of 

Transistor Design. The first section opens 

with a chapter discussing recent advances 

in silicon. Because of its higher melting 

; an f 

| point silicon offers obvious advantages 

] over germanium however, the purification 
process is more difficult. Methods and 
equipment used to obtain high purity 

f polycrystalline silicon are outlined. Chap- 

‘ter II discusses the semiconductor prop- 
‘erties as affected by impurities and 
‘techniques for control of the refining. 
‘Chapter III describes the zone-leveling 
' process and crystalline perfection. 

' The second section of the book, Prin- 
ciples of Transistor Design, develops the 
actual engineering design of the transistor 
starting with the p-n diode. A rigorous 
mathematical treatment of the character- 
histics of this device together with a 
fairly complete treatment of the diode 
design principles follow in Chapter IV. 
‘ The design of the junction triode tran- 
sistor follows in the fifth chapter, a 
veritable 200 page book in itself. Here the 
transistor is considered first as an elec- 
tronic switch then as a transmission de- 
vice. The structure and operation of the 
transistor is described. There are sections 
on power gain and high frequencies, 
optimum design of power ouput transis- 
tors and performance in terms of the 
physical structure. 

» Chapter VI deals with switching device 
design; Chapter VII with tetrodes. The 
» behaviour of Noise Figure in junction 
transistors is treated in an unusually 
clear manner in Chapter X. Conditions 
for minimum Noise Figure are deliniated 
and the effects of variation of operating 
point on the Noise Figure are stated. A 
complete calculation for noise in the 
common base configuration may be found 
in the Appendix I of this chapter. The 
final chapter of the book (XI) treats the 
design implications of surface phenomena 
or controlled surface effects in semicon- 
ductors. 

Transistor Technology Volume II is a 
complete collection of many previously 
published papers and articles together 
with a considerable amount of unpub- 
lished material-concerning principles of 
design. The book is complete, thorough 
and well edited and provides a practical 
reference to the technologies of materials 
and design. 


TITLE: Transistor Physics and Circuits 


AUTHORS: Robert Riddle and Marlin 
Ristenbatt 


PUBLISHER: Prentice-Hall, Inc. 


The authors of Transistor Physics and 
Circuits state at the outset that the book 
is written for those technicians and de- 
signers who wish to obtain an understand- 
ing of transistors. The book aptly suc- 
ceeds in this undertaking. 

Chapters I and II of Section 1, which 
is titled Physics are an elementary review 
of physics with much of the work geared 
to lead the reader to the physical con- 
cepts presented in Chapter III which is 
titled “Semiconductors.” The crystalline 
properties of the silicon and germanium 
crystal are clearly defined and the action 
of free electrons in non-intrinsic semi- 
conductors is considered. 

Chapters IV and V establish the tran- 
sistor as a logical outgrowth of the p-n 
junction diode. The physical action of 
the transistor is clearly analyized. The 
p-n-p and n-p-n transistors are intro- 


duced together with concepts of cutoff 
current (Ieo) and current gain (hte). 
The actual construction and various types 
of transistors are summarized in Chapter 
V together with the specific type charac- 
terizations. 

The second part of the book is entitled 
“Circuits” and contains ten chapters on 
the many aspects of circuit design. Basic 
electrical engineering is introduced in 
terms of circuit quantities, passive circuit 
elements, current and voltage source con- 
cepts and methods of circuit analysis. 
This is followed by the transistor as a 
circuit element with techniques of analy- 
sis of the transistor characteristics. The 
transistor is presented as a small-signal- 
amplifier and the circuit concepts are 
carefully developed. 

The balance of this book deals with a 
variety of topics. Power amplifiers, 
cascade amplifier, bias stability and d-c 
amplifiers are several of the many types 
of circuitry discussed. The chapters on 
Feedback (Chapter XII) and Noise 
(Chapter XIII) are especially interesting 
and concise. A chapter on _ transistor 
oscillators (Chapter XIV) and a chapter 
devoted to transistor experiments and 
circuitry complete the work. The ap- 
pendices are of value to the advanced 
student in the presentations of deter- 
minants and parameter conversions. 

Transistor Physics and Circuits is a 
simplified, non-mathematical treatment 
of the transistor in terms of circuitry and 
physical operation. The advanced techni- 
cian, radio amateur and uninitiated engi- 
neer will find this book an excellent 
introduction. 

Stephen E. Lipsky 
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DC-DC CONVERTER 
All Items Designed for 13.6V. Except 8034 which is for 


28V Input. 


TYPICAL DC-DC CONVERTER 


CIRCUIT 


Part | Total V.A. .C. Output 
Number} Output F. W. Bridge 
Volts Ma. 


C.T. Full Wave 


Volts 


M8034 = 125 500 250 
M8035 = 125 500 250 
M8036 40 450 90 
M8037 22.5 250 90 


250 
250 
225 
125 


TRANSISTOR DRIVER 


and audio 


sealed to MIL-T-27A. 


Designed specifically for 
transistor, servo 


: Frequency response 70-20K 
Size AF mill through AH Hermetically 


EPOXY a See catalog for exact sizes and weights. 


ON SPEC 

ORDER ONLY 

Part 
Number } Application 


M8002* Coll. to P.P.Emit. 560 400C.T 
M8003* Coll. to P.P. Emit. 625 


M8005 Coll. to P.P. Emit. 


*Bi-Filar wound to minimize switching transients. 


100 C.T. 
M8004 Coll. to P.P. Emit. 5,400 600C.T. 
7,000 320C.T. 
M8006 Coll. to P.P. Emit. 10,000 6,500 C.T. 


Pri. D. 


Unbal Level 
Ma. Watts 
18.15 
20 «#15 
15.075 
7 040 
75.005 


LOW LEVEL CHOPPER 


M80: 
M8026 


Efficiently transfers 30 to 500 cps. Trans- 
ducer or Thermocouple signals to instru- 
ment amplifiers. Signal level range from 
-5uV. to 5 volts. Resin impregnated to 
minimize mechanical vibration noise sig- 


+ nal. Low hum pick up assured by 3 mu- 


metal and 2 copper shields. 


17.5 


1:32 a 60H 
gto 
M8025 365 
M8026. 455 


4140 90DB 125/42 


3500  90DB 1254) 1340 4.5 


Circle No. 
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The E-Pak System consists of an all-epoxy 


New aill-epoxy 


header with embedded lead wires, a cured 
epoxy shell and a premetered epoxy pellet. 
The three may be custom-made for your com- 


EPA t ponent and are available from one source. 
system 


drastically cuts 
encapsulation costs! 


Assembly Time and 
Reject Rate Greatly Reduced 


Soldering of leads 

is quick, simple, safe— 

never a cracked glass or 

broken seal because it’s all epoxy. And 
with rugged epoxy covers, your lead 
wires can be made of any mefal. 

No coefficient-of-expansion problem. 


The entire package 
is then heated; the 
pellet automatically 
melts and cures, 
embedding the 
component and 
sealing the cover. 
In cases where 
encapsulation is 
desired without 
embedment, a self- 
sealing epoxy cover 
is available. 


Write today for complete information and samples. 


EPOXY propucts, inc. 


A Division of Joseph Waldman & Sons 


137 Coit Street, Irvington, New Jersey ESsex 5-6000 
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After the component 
is soldered to the 
epoxy header, a 
premetered pellet is 
dropped into the 
cured epoxy shell. The 
cover and component 
are then inserted into 
the shell. 


You now have a solid, 
chemically-inert seal 
from within; there is 
no solder, no flux, no 
acid to endanger 
component reliability. 
Your component is 
hermetically sealed 
and embedded in 
cured epoxy forever. 


. »- a 


Minute instruments in the nose cones of American 
space explorers record vital phenomena beyond the pull 
of earth’s gravity. The phenomena: the unknowns of 
outer space including bands of radiation, cosmic rays, 
temperatures, etc. The data recorders: complex elec- 
tronic devices packed with transistors, diodes, rectifiers 
and other subminiature signal transmitters. 

It wasn’t possible ten years ago. It wouldn’t be 


absolutely 


4 
essential... 
e ¢ + é 
a n 4 + 
ye *® ue 
e . 
+ & FF 
x 


SILICON 


(ultra-high-purity) 


possible today if it weren’t for ultra-high-purity 
silicon. Purity such as is produced by the Pechiney 
process used in the manufacture of Grace Silicon. 

May we suggest that wherever silicon of top quality 
is required—for semiconductor devices in research, 
military, industrial and entertainment uses—call or 
write GRACE ELECTRONIC CHEMICALS, INc., PL 2-7699, 
101 N. Charles Street in Baltimore. 


GRACE ELECTRONIC CHEMICALS, INC. 
es 101 N. Charles St., Baltimore, Maryland 


Subsidiary of W. R. Grace & Co. 
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Explore new areas 
at IBM wm 


Solid state studies are now yielding important discoveries at IBM. Ranging from basic research to product 
development, solid state projects include a study of the behavior of molecules adhering to a surface in an 
ordered array. Another project involves the correlation of transistor parameters with circuit transient 
performance. In magnetics, engineers and scientists are developing a ferrite core which will function 
normally at 500°C., and a one-million bit memory drum weighing only five pounds. Advanced work such as 
this requires creative engineers and scientists with inquiring minds and an enthusiasm for investigating 
the unknown. 


At IBM you will enjoy unusual professional freedom and the support of a wealth of systems know-how. 
Comprehensive education programs are available plus the assistance of specialists of many disciplines. 
Working independently or with a small team, your individual contributions are quickly recognized and 
rewarded. This is a unique opportunity for a career with a company that has an outstanding growth record. 


CAREERS AVAILABLE IN THESE AND RELATED AREAS... Qualifications: B.S., M.S. or Ph.D. in Elec- 
Circuit ‘Design Microwaves trical or Mechanical Engineering, Physics, 


Component Engineering Optics Mathematics or Physical Chemistry — and 
Computer Design Phosphors proven ability to assume a high degree of 
Cryogenics Physical Chemistry technical responsibility in your sphere of 
Inertial Guidance Physics oietesr: 
Logic Radar Circuits 
Magnetics Reliability 
Mathematics Semiconductors 
Metallurgy Systems Engineering 
Transistors 


For details, write, outlining background and interests, to: 
Mr. R. E. Rodgers, Dept. 682E 
IBM Corporation 
590 Madison Avenue, New York 22, N. Y. INTERNATIONAL BUSINESS MACHINES CORPORATION 


® 
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Crystals are gas or vacuum grown by 
a modified Czochralski technique. 


Let Knapic 
£row your 


crystals 


SILICON AND GERMANIUM MONOCRYSTALS 


Major manufacturers of semiconductor devices have found that Knapic 
Electro-Physics, Inc. can provide production quantities of highest quality sili- 
: Solar Cell and con and germanium monocrystals far quicker, more economically, and to 
much tighter specifications than they can produce themselves. Knapic Electro- 
Physics has specialized in the custom growing of silicon and germanium 


For Semiconductor, 


Infrared Devices 


: monocrystals. We have extensive experience in the growing of new materials 
to specification. Why not let us grow your crystals too? 

Knapic monocrystalline silicon and germanium is available in evaluation 
and production quantities in all five of the following general grade categories 
: —Zener, solar cell, transistor, diode and rectifier, and high voltage rectifier. 


SPECIFICATIONS -Check These Advantages 


LJ 


Extremely low dislocation densities. 


Tight horizontal and vertical resistivity tolerances. Resistivities available in controlled ranges 
Lt .005 to 1000 ohm cm., N and P type. 


Diameters from .10” to 2”. Wt. to 250 grams per crystal. Individual crystal lengths to 10” 


[~] Low Oxygen content 1 x 10'7 per cc., 1 x 10'® for special Knapic small diameter material. 


oe 
[] Doping subject to customer specification, usually boron for P type, phosphorus for N type. 


Lifetimes: 1 to 15 ohm cm.— over 50 microseconds; 15 to 100 ohm cm.— over 100 microseconds; 
“J 100 to 1000 ohm cm.— over 300 microseconds. Special Knapic small diameter material over 
1000 microseconds. 


Specification Sheets Available 


i I 

I * | 

Special Announcement 

LARGE DIAMETER Individual silicon ingots for lens use to 10” diameter | 

; s ; ies, SILICON INGOTS and hollow grown domes to 8” diameter are now | 
Dislocation density, Knapic silicon mono- AND DOMES FOR available in production and evaluation quantities. | 
crystals. Crystal diameter 1/10" to 3/8"— | INFRARED LENSES Diameters up to 19” will be available in the near | 
None; 3/8" to 3/4"—less than 10 per sq | future. Transmission characteristics — minimum 52%, | 
cm.; 3/4" to 1-1/4"—less than 100 per sq. | coated 97% in ranges between 1 to 15 microns, | 
cm.; 1-1/2" to 2” less than 1000 per sq. cm. Hagel Ro tail a Se Rate Glace stick Bs SS EERE en Ba Se sh 


Quotations will be prepared on request for production orders, 
for semiconductor materials not falling within the listed cate- 
gories, or for those requiring additional experimental work. 


Knapic Electro-Physics, Inc. 


936-938 Industrial Avenue, Palo Alto, California Phone: DAvenport 1-5544 
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SU 


“ms” TRANSISTOR DESIGN ENGINEERS 


Achieve best use 


of your creative talents with 


GENERAL ELECTRIC’S Expanding 


SEMICONDUCTOR PRODUCTS DEPARTMENT 


Your Assignment: To formulate and execute a high frequency tran- 
sistor design into a reliable product for application in the 100-500 meps 
region. 

Requirements: A basic working knowledge of solid state physics— 
including diffusion, alloying, vapor deposition, surface phenomena and as- 
sociated processing and measuring techniques. BS in EE, Engineering 
Physics or Chem E. MS preferred. At least 2 years industrial or laboratory 
experience on semiconductor devices and materials. 


Join the Industry’s Recognized Leader of High Quality— 
High Reliability Semiconductor Devices! 


CONTROLLED RECTIFIER ENGINEERS 


Project, Evaluation, Process (Auburn, N.Y— ... to work on advanced 
types of silicon controlled rectifiers. 2 years’ experience with BS in EE, 


Chem E or Physics. 
TRANSISTOR ENGINEERS (Syracuse, N.Y.) 

. . to establish processes and perform evaluation of high-frequency tran- 
sistors. ] year’s experience with BS in EE, Chem E, Met E or Physics. 

METALS ENGINEERS (Syracuse, N.Y.) 

- to develop and design processes and perform electrical and physical 
evaluation of semiconductor materials. 2 years’ experience with BS in Met 
E, Chem E, EE or Physics. 

SELENIUM RECTIFIER ENGINEER (Lynchburg, Va.) 

. . to establish processes and audit life test performance for higher tem- 
perature cells and higher current density cells. 3 years’ experience with BS 
or MS in Chemistry, Chem E or Physics. 

QUALITY INFORMATION EQUIPMENT ENGINEER (Buffalo, N.Y.) 
. . to design, develop, procure, check-out and install quality information 
equipment. 3 years’ experience with BS in EE 
QUALITY CONTROL ANALYTICAL CHEMIST (Syracuse, N.Y.) 
. -. to direct quality control chemistry laboratory. 2 years’ experience with 
BS in Chem. 
QUALITY CONTROL ENGINEER (Syracuse, N.Y.) 

. . . to establish quality control systems and perform analysis of transistor 
manufacturing operations. 2 years’ experience with BS in EE or Chem E. 
ADDITIONAL OPENINGS 
for EEs, Met Es, CHEM Es, PHYSICISTS with minimum of 2 years’ engi- 


neering experience. 


Liberal relocation allowances. Excellent pension, securities and savings, 
medical and life insurance plans, plus tuition refund for college studies. 


U. S. citizenship NOT required, 
Write in confidence to: Mr. M. D. Chilcote, Div. 125-ME 


SEMICONDUCTOR PRODUCTS DEPARTMENT 


GENERAL @ ELECTRIC 


Building 7, Electronics Park, Syracuse, New York 
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(ACTUAL SIZE) 


Teo Conk’ Division “Gendlix” 
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2N1073 40 
2N1073A 40 
2N1073B 40 


IFFUSED 
PE OY, 


—OWER 
TRANSISTORS 


Features 


Faster Switching Times 0.5-5 uw Sec 
Switching Currents up to 10 amperes 
Flatter Frequency Response 40 Ke 
Higher Breakdown Voltage up to 120 Volts 
Current Gain of 40 at 5 amperes 
Standard Power Transistor Package 
Lower Base Resistance, 2 ohms 
Lower Saturation Resistance, 0.1 ohm 


Uses 


TV Horizontal Output 
Hi-Fi Amplifiers 
Core Drivers 
High Current Switching 
Power Converters 
Ultrasonic Generators 
Modulators 


Typical Performance 


Ratings 
_ Pc Bo Vs 
(25°C) || (le=5 Adc)|(Ic=5 Adc) fa 
0.5 Vde 
0.5 Vde 


0.5 Vde 


1.5 me 


1.5 mc 


1.5 mc 


West Coast Sales: 117 E. Providencia Ave., Burbank, Calif. 
Midwest Sales: 4104 N. Harlem Ave., Chicago 34, Ill. 


New England Sales: 4 Lloyd Rd., Tewksbury, Mass. 


P. O. Box 508, Ottawa 4, Ont. 


AVIATION CORPORATION 


Because no other transistor offers this combina- 
tion of features and uses, you will want to try 
out the DAP transistor in your circuits. Get full 
details now on new Bendix diffused alloy power 
transistors by writing SEMICONDUCTOR PRODUCTS, 
BENDIX AVIATION CORPORATION, LONG BRANCH, 
NEW JERSEY. 


Export Sales: Bendix International, 205 E. 42nd St., New York 17, N.Y. 
Canadian Affiliate: Computing Devices of Canada, Ltd., 
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THE BEST 
GLASS 
DIODES 
MADE 
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ARE MADE 
ON KAHLE 
MACHINES 


KAHLE BODY CASE MACHINES 
... which automatically make up to 
1500 glass body cases per hour... are 
actually two machines in one. Because 
they first produce a beaded lead wire... 
and then seal a glass body sleeve over it 
... these outstanding Kahle machines 
can be employed solely for the production 
of beaded lead wires as well as for entire 
glass body cases. Both components give 
excellent performance in automated 
assembly equipment. re 


Designed to establish new standards of 
efficiency and economy in your operation, 
this versatile machine is just one example 
of the full line of fine Kahle equipment 
for the production of semiconductors. 
In addition, every Kahle machine is 
pre-tested . . . under actual operating 
conditions . . . prior to shipment. 


For detailed information, write to: 


ENGINEERING COMPANY 
GENERAL OFFICES: 

3316 Hudson Avenue, Union City, New Jersey 

LEADING DESIGNERS AND 

BUILDERS OF MACHINERY FOR 

THE ELECTRONIC INDUSTRY 


Editorial... 


J. J. Ebers 


Dr. J. James Ebers, Assistant Director of Develop- 
ment of the Allentown and Laureldale (Penna.) 
Laboratories, Bell Telephone Laboratories died 
March 30 at Allentown General Hospital. Dr. Ebers, 
who was 37, had been ill six weeks. He resided at 721 
North 3rd Street, Emmaus, Penna. 

A native of Grand Rapids, Michigan, Dr. Ebers 
received his B.S. degree from Antioch College in 1946, 
and the degrees of M.S. in E.E. in 1947 and Ph.D. in 
1950 from Ohio State University. While doing grad- 
uate work he was an instructor and later assistant 
professor in the electrical engineering department, 
and also was engaged in research and development 
of microwave electron tubes. 

In September 1951 Dr. Ebers joined the technical 
staff of Bell Telephone Laboratories. He specialized 
in development of transistors for switching applica- 
tions and made several contributions to the theory 
and analysis of transistors, particularly as applied to 
switching and computing circuits. He held several 
patents on transistors and electron tubes and was the 
author of numerous papers on these subjects. 

He was a member of the American Physical Society 
and a Senior Member and Chairman of the Lehigh 
County chapter of the Institute of Radio Engineers. 
He was also a member of Eta Kappu Nu and Sigma 
Xi, honorary professional fraternities. 

Surviving are the widow, Patricia Huntington 
Ebers, four children, Michael, Marcy, Douglas and 
Thomas, and Dr. Ebers’ parents, Mr. and Mrs. Avery 
Ebers of Newaygo, Michigan. 


_ The Hall Effect 


It was found by Hall in 1879 that an external mag- 
netic field can distort the equipotential lines of a 
current carrying conductor. If current is passed 
through a metal or semiconductor strip whose plane 
is perpendicular to the magnetic field, a voltage is 
produced in the direction perpendicular to the mag- 
netic field and the current. Considering a rectangular 
strip of length L, width a and thickness b, the “Hall 
voltage” is Vi R B i/b where R is a coefficient 
(called “Hall constant”) function of the densities and 
mobilities of electrons and holes in the specimen. For 
an intrinsic semiconductor, if B is in Wb/m?, i in 
amperes and b in meters, one has R = —3x/8 q ni 
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(m*/Coul); for a doped semiconductor with carrier 
mobilities 1, and u,, R is given by the expression 


3 Un? — Up "Pp _ 

8q (Mn + yp)” 

The latter quantity is maximum when n = 1; \/3Up/Un. 
Largest values of R are obtained with certain com- 
pound semiconductors, such as indium arsenide and 
indium antimonide. 

The Hall plate acts as a two port, non-reciprocal 
transducer whose input power is limited by the heat 
produced by the current i flowing through the speci- 
men, and whose available output power is propor- 
tional to uv”, for given input power, and is maximum 
for n-type materials. 

Obvious applications of the Hall effect are: in the 
field of multipliers, if i and B are made proportional 
to the quantities to be multiplied; in the field of mag- 
netic field measurements, if the current i is maintained 
constant; in the field of current measurements, if the 
magnetic field B is maintained constant. 

It is of interest to note that the product indicating 
Hall voltage is independent of waveforms, frequency 
and phase of the component factors. Hence the multi- 
plier can be placed inside a wave guide, where the 
local B and E fields provide a direct measurement of 
the power. 

The Hall effect may be applied also to the con- 
struction of amplifiers (feeding input power into the 
magnetic field), of unilateral transducers, of modula- 
tors (feeding r-f carrier current i and modulating 
signal B), as d-c current clip-on meters (utilizing the 
magnetic field produced by the current) as pick-ups 
or microphones, or as displacement gauges (placing 
the specimen in a highly variable magnetic field). 

It is safe to assume that the Hall effect will play an 
increasing role in future technical applications. 


are 


Correction 


In Dr. Minden’s article, “Intermetallic Semiconduc- 
tors,’ February 1959, page 33, figure 3, the part of the 
caption which reads “the different values of s/1 
represent the ratio of width to length of the specimen,” 
should read “the different values of s/1 represent the 
ratio of the dimensions of the Hall current electrodes 
to the length of the bar.” 


Samuel L. Marshall 
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Does a Crystal’s Performance 
Depend on Who Shapes 
Your Graphite? 


Offhand, it seems remote to blame a faulty semi-conductor on 
the machine-shop that shapes your graphite parts. Yet it isn’t 
remote at all. The relationship becomes obvious when you 
think of all the close contact between your crystal metals and 
the graphite during processing. 


Machining often Any impurities picked up by the graphite from machining can 
contaminates the contaminate your germanium or silicon. And any failure to 


graphite... 


hold critical tolerances on graphite jigs and fixtures can result 
in faulty assembly of components. You should, therefore, be 


..» which in turn : : ; 
extremely careful about who machines this graphite for you. 


contaminates your 
Ge or Si... The way to guarantee yourself of the utmost purity and accur- 
acy in these parts is to order graphite shapes from United. 
Because United first machines the parts to precise tolerances, 


... but this is then purifies them through the famous “F” process developed 
avoided by United’s by United and used by the AEC. This reduces contaminants 
post-purifying to near-zero. Our experience with graphite machining, coupled 
technique ... with our purification procedure, allows us to actually guarantee 


both workmanship and ultra purity. And United, of course, is 
Nasteses nei oai the kind of solid, stable company that can afford to make 


guarantee both such a guarantee. 


tolerances and 
purity! 


In addition, we possess splendid R&D and technical service 
facilities that are always available to you, and we have never 
yet failed a customer on “crash” delivery schedules. Why don’t 
you write us now, outlining your needs? 


United Carbon Products Co., Dept. C, Bay City, Michigan 


Please send me your free brochure 
“Graphite for Semiconductor Processing’’ 
NAME 

TITLE 

COMPANY 

co. ADDRESS 


CITY ZONE STATE 
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Avalanche Noise In P-N Junctions 


S. SHERR* and 8. KING* 


Several investigators have reported the existence of a unique type of noise when a p-n 
junction diode is operated at the onset of the avalanche region. The character of the 
noise is investigated in detail, and a physical theory is presented which correlates this 
noise to various attributes of the p-n junction. The use of the diode as a flat noise source 
is explored to a limited extent, with the physical theory as a guide to the selection and 


design of a device for this purpose. 


p-n junction when biased in the reverse direc- 

tion was first reported in 1951.1 At this time the 
phenomenon was considered to be due to field effects 
and the theoretical formulations of Zener were ex- 
tended by Shockley! to provide a basis for under- 
standing this action. As a result the breakdown volt- 
age was termed the Zener voltage, and the devices 
designed to capitalize on the effect were termed Zener 
diodes. Some of the subsequent literature? on this 
subject mentioned the deviations found in practice 
from the theory, but dismissed them as due to manu- 
facturing defects rather than to inadequacies in the 
theory. 

One of the unexplained effects was the noise which 
appeared in certain diodes when operated around the 
knee or low current region of the so called Zener 
characteristic. No satisfactory explanation of this noise 
was found until McKay,* in his pioneering paper, 
demonstrated that a different type of breakdown, 


ie PHENOMENON of abrupt breakdown of a 


_which he termed avalanche breakdown occurred in 
_ some of the diodes which he investigated. His explana- 
tion is now generally accepted and Shockley has 


_ acknowledged the previous misnomer.+ Unfortunately 


the designation has become somewhat entrenched, and 
Zener is still used to describe devices which operate 
due to the avalanche effect. We shall use the terms in 
their correct connotation, and define below a criterion 
for determining whether Zener or avalanche break- 
down is occurring. 

While McKay supplied a good qualitative descrip- 
tion of the cause and character of the noise, further 
investigation of this type of junction noise has been 
sparsely reported,” with most noise studies dealing 
with other regions,® * and either dismissing or ignor- 
ing this small but significant region of noise produc- 
tion. Our interest in this phenomenon developed from 
a general survey of a variety of noise sources which 
we conducted with the view of finding those which 


*General Precision Laboratory Incorporated, 
Pleasantville, New York 
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contained certain specific characteristics. We even- 
tually concentrated on the avalanche region noise, 
and our measurements and experiments have shown 
it to be large in magnitude, essentially flat in ampli- 
tude vs. frequency over wide bands, and relatively in- 
sensitive to variation of bias current over the range 
in which the noise exists. 

An interesting characteristic of the noise, which 
should be mentioned before proceeding to the descrip- 
tions of theory and experiments, is that it is oscillatory 
in nature. While this perhaps precludes the exact use 
of the word noise, in the most accurate sense, our re- 
sults show that over the band of frequencies below 
the oscillation frequencies, all the necessary charac- 
teristics of noise do exist. We also demonstrate below 
that the efiect is related to the onset of the avalanche 
region, and that the frequencies have numerical val- 
ues which are clearly functions of the voltage at 
which avalanche breakdown occurs. These oscilla- 
tions tend to be random in amplitude and phase pro- 
ducing true white noise over a wide band below the 
specific frequency, and it is on this basis that we have 
used the phrase “Avalanche Noise” in describing the 
phenomenon. 


Theoretical Considerations 


McKay,* in his description of the noise refers to it 
as clipped, and made up of current pulses through the 
junction. He also notes that the pulse lengths and dis- 
tances between pulses vary in a random manner. His 
interpretation of his observations is that they reflect 
an unstable breakdown of various regions of the junc- 
tion. He is clearly dealing with the oscillatory type of 
noise which we have mentioned, and does not extend 
his observations into the regions where true noise 
exists. Following McKay in his description of this 
noise, we also state that the noise appears at the onset 
of breakdown, and that it consists of current pulses 
through the junction. However, we predicate that the 


+See Semiconductor Products, Mar./Apr. 1958, p. 5. 
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Fig. 1—Voltage—Current characteristic. (12 volt diode) 


noise mechanism is based on the presence of a junc- 
tion time constant and a negative resistance region in 
the voltage-current characteristic of the diode. These 
factors in association with three voltages, Vp, Vu, and 
Vz», determine both the existence and repetition rate 
of the oscillatory discharge. 


where V» = charging voltage across the diode 
Vz = voltage across the diode at onset 
of breakdown 

voltage across the diode to sustain 
breakdown 


Va 


In this respect, we compare the junction avalanche 
noise to that existing in a thyratron gas tube,® such as 
the 6D4. Fig. 1 is a photograph of the voltage-current 
characteristic of a representative junction diode which 
shows this negative resistance region with the noise 
throughout the region, while Fig. 2 is a photograph of 
the noise spectrum itself, exhibiting peaking at one 
specific frequency. 
If we examine the formula for ionization rate, 


a; (Hy) = oi Bete = a—1/m) (1) 
W? dE yy W.3 dE xy 
where a; = ionization rate 
Ey = maximum field in junction 
W, = width constant for given step junction 
M = multiplication factor 


derived by McKay for the step junction, we may con- 
clude that the ionization rate along the junction will 
vary if the junction width and resistivity of the mate- 
rial is not uniform. In addition, using the empirically 
determined proportionality? 


Va ~ Kypt® (2) 


junction resistivity 
arbitrary constant 


where p 
Ky 


for diffused p-n junctions, we can determine that any 
variability in uniformity of resistivity will cause non- 
uniform onset of breakdown along the junction. How- 
ever, each breakdown area will be well defined, 
though initially not self-maintaining, since the in- 
crease of carriers at the breakdown point will reduce 
the junction gradient below the level required for ava- 
lanche multiplication, without providing enough car- 
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Fig. 2—Noise spectrum, 114 volt diode. (0-200 ke.) 


riers for sustained breakdown. Under these conditions, 
we may anticipate that narrow junction areas will ex- 
hibit higher frequency relaxations and biasing ranges 
for this noise production than wide junctions will. 
Also, while the period of each individual relaxation in 
the various breakdown areas will be in the same 
order, a range of frequencies will be encountered 
which will be in random amplitude and phase rela- 
tion, thus accounting for the wide band noise which 
exists below the basic range of relaxation frequen- 
cies. Finally, wider junctions will have lower fre- 
quencies of oscillation but larger voltage amplitudes, 
due to the greater opportunity to collect carriers and 
the wider voltage differential between V4 and V3. 

The relative frequency of relaxation may be com- 
puted by utilizing the formulas which relate Vy to pe 
and junction capacity. Equation 2 is one relationship 
while® 


Vase KeCX (3) 
where C = junction capacity 
Ke = arbitrary constant 
is the second form. We now postulate that 
Biss PCY 3 = Va) Cree (4) 


where F = frequency of oscillation. 

This is in conformance with the previous statement 
that the oscillation frequency is determined by the 
factors listed in Equation 4. The explicit form may be 
derived by referring to Fig. 3 and writing the usual 
equation for voltage in an RC circuit. In this case the 
equation is 


Ve = (Vw — Va) (1 — e-¥ 85%) + Vy 
Assuming t/2; c; « 1 this reduces to 
Vax [Vw = Va) t/R; Cj Va 
which then may be solved explicitly for t. 
t's Rj C; (Ve — Va) Vig — Vp) (5) 
where R; 


C; 
t 


junction resistance 


junction capacitance 
1/F 


enw 


Using the formulas and empirical data it is possible to 
calculate relative frequencies with reasonable accu- 
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Ebb 


C; Ry 


Fig. 3—Simplified equivalent circuit and voltage across 
diode vs. time. 


racy and use these results as a check of the relaxation 
oscillation theory. 

The expected temperature variation is a decrease 
in noise with increasing temperature related to de- 
crease in Vz — Vy, caused by the increase in ioniza- 
tion rate. All these theoretical predictions are sup- 
ported by the experimental data presented below. In 
addition, the evidence that avalanche breakdown does 
not occur below 6.5 volts as reported elsewhere,® is 
supported by the absence of avalanche noise in all 
diodes which exhibited V; < 7 volts. 


Experimental Verification 


A large number of diodes from different manufac- 
turers, with voltage ratings varying from 3 to 115 
volts were examined for the existence of avalanche 
noise. The techniques used in determining the char- 
acter of the noise spectrum are described in detail 
elsewhere.'° A sufficient description of these tech- 
niques for our purposes is to say that they consist of 
examining the spectra by means of a specially cali- 
brated and adjusted spectrum analyzer. By properly 
choosing the detector time constant, scanning width, 
filter band width and sweep time, meaningful photo- 
graphs of the visual display may be taken. Fig. 2 is a 
representative sample. The paper referred to com- 
pletely describes the calibration and design require- 
ments for this method of examining and recording 
noise spectra. 

The relaxation character of representative types at 
various voltages is shown in Fig. 4. It should be noted 
that the basic frequency is clearly a function of 


RMS Noise Output of Various Diodes 
TABLE I 


Approximate RMS Noise Output in Millivolts 
Vz in volts (Ballantine True RMS Meter) 
6 Too small to measure 
8 2 ertoun ls 
9 10 
11 8 to 120 
12 12 to 140 
24 600 to 760 
48 76 to 600 
Ls 600 
90 800 to 2000 
110 700 to 4000 
(Vz —Vu4) (the amplitude of oscillations). Static 


voltage-current characteristics for several diodes are 
plotted in Fig. 5. There was wide variability observed 
in the noise output amplitude, which is essentially 
proportional to the size of the negative resistance re- 
gion, as will be shown later. Table I lists maximum 
and minimum values of noise output observed on 
various units. All low voltage diodes (i.e. < 7.5v) 
show no noise or negative resistance, but exhibit the 
“soft” knee characteristics of true Zener breakdown. 
The units with lowest noise voltages have been con- 
sidered to have most uniform resistivity, most parallel 
junctions and exhibit the narrowest negative resist- 
ance region. 

To demonstrate the corroboration of the results of 
the various tests, the data on two diodes is presented 
below. We chose diodes with Ez, ~ 12 volts and Ez ~ 
114 volts. The test circuit used is shown in Fig. 6. 

Because of the series resistor Rs, the equation for 
the relaxation period t becomes: 


Ve rtd Va 

R; Ew ” 
R;+ Rs 

Using measured values for C;, Rj, Va, (Vz — Va) 


and Ry the following results were obtained: 


Rk; Rs 


inne (6) 
Roieldas 


Va 


12 volt unit: C; = 75 uufd., R; ~ 275K, Ew» = 60 volt, 
Vp — Va = .05v, Rs = 1 megohm. 


HOE ; 
bie 1 OS LO Oe Doe LOR so = .8 usec 
13 — 12 


Fig. 4—Relaxation oscillations for various diodes. 60 V. unit, 0.2 V/cm, 1 usec/cm, is shown at the left; a 100 V. unit, 
0.5 V/cm usec/cm, in the center; and a 12 V. unit, .005 V/cm, .1 usec/cm, at the right. 
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101.99 
101.95 
101.85 


= 


= 


100 
Ip AMP 


— 
-9 Fo4 


FIGURE 50 FI 


Fig. 5—-Static V-I characteristics. (a) 6 volt unit; (b) 12 
volt unit; (c) 24 volt unit; (d) 55 volt unit; (e} 100 volt 
unit. 


TEKTRONIX 
TYPE $35 


OSCILLOSCOPE 


CATHODE 
FOLLOWER 


Fig. 6—Test circuit used for experimental verification. 
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12 V. Unit, .02 V/cm, .2 usec/cm 


Fig. 7—Relaxation oscillations for 12 and 144 volt units. 


114 volt unit: C; = 7 uufd, R; = 18.5 meg, Hy» = 120v, 
lB = Va — mais 


t 2 X10? X< 108 X< 2 = 7 usec 
Be ea 8 


It can be seen that R; varies with the current through 
the diode and it is difficult to determine the exact 
value to be used in Equation 6. 

Figure 7 shows the relaxation oscillations of the two 
diodes. Reading the highest period gives results of 
.6 usec. for the 12 volt unit and 10 usec. for the 114 
volt unit, which is in reasonable agreement with the 
values calculated above. Paralleling the diodes with a 
capacitor of value C; doubled the period of observed 
oscillations. Variations in Ry produced frequencies of 
oscillation which checked with the results from Equa- 
tion 6. 

Figure 8 shows static voltage-current characteris- 
tics of these diodes. It can be seen that the negative 
resistance region in the 12 volt unit extends through 
80 millivolts which compares well with Vz; — Vy = 
30 millivolts measured previously. The 114 volt unit 
has a large negative resistance region. 

The noise output of these diodes was measured on 
a “True RMS Meter” with readings of 50 millivolts 
and 1.54 volts for the 12 volt and 114 volt units re- 
spectively. For the high voltage unit, the loading pre- 
sented by the d-c and a-c measuring equipment is 
comparable, and is significant for determining absolute 
values. However, for comparison, this loading may be 
neglected, and the measured value used. The tem- 
perature variability of noise output for the 12 volt 


SEMICONDUCTOR PRODUCTS e MAY 1959 


/ unit is shown in Table II. It can be seen that the 


expected variations predicted by the theory do occur 


| and that this affords good empirical corroboration of 
| the theoretical mechanisms presented. 


| Conclusion 


A theory of avalanche discharge and the negative 


) resistance characteristic has been presented for diodes 
| operated at the onset of the avalanche region. It has 
» been shown that this theory explains the existence of 


oscillatory type relaxation discharge and permits the 


calculation of actual or relative frequency of dis- 
| charge. Because of the multiple discharge points along 


the junction, a random frequency and phase condition 


» exists in this discharge, which provides a band of 


essentially flat noise in the region below the fre- 
quency of oscilliation. The noise amplitude is a func- 
tion of the breakdown voltage, and may be determined 


| by examining the extent of the negative resistance 


region. It is anticipated that this noise amplitude 
may be minimized by maintaining uniform junction 
width and resistivity. The soft knee characteristic of 
the low-voltage diode is corroborated, as is the 
Chynoweth and McKay conclusion,® that no ava- 
lanche multiplication occurs in diodes below 7 volts. 
Finally, it is shown that the oscillatory discharges and 
associated noise spectra are of the same form for all 
diodes in the voltage range above 7 volts, and may be 


TABLE II 
Temperature Dependence of RMS Noise Output 


Temperature °C. RMS Millivolts 


25° 50 
70° 38 
82° 35.8 
88° 35 
125° 22.8 


V VOLT 
12.09 


12.04 
12.05 


FIGURE 8A FIGURE 8B 


Fig. 8—Static V-I characteristics. (a) 12 volt unit; (b) 114 
volt unit. 


predicted and controlled by the techniques described 
above. 
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An Analysis of Impurity Distributions and Their 
Relation to Electrical Behavior of Conventional 
Transistor Constructions 


DR. PETER KAUFMANN* and GEORGE FREEDMAN** 


PART 2 


i i i i i icati discussed, and an 
In Part 1 of this article, design concepts in transistor fabrication were I 
“ideal” or “most versatile” impurity distribution was hypothesized. Four of the ten most 
common real distributions were calculated and related to the ideal. In this, the conclusion of 
the article, the remaining six distributions are dealt with. Finally, the performance qualities 


of each type are summarized in tabular form. 


E. The Alloy-Diffused Transistor [24] [32]+ 

»In this approach (Fig. 7), the emitter junction fol- 
lows the segregation law while the base profile and 
collector junction are created in accordance with the 
diffusion principle. Transistors of this type have in- 
herently good high-frequency qualities, except that 
the collector capacitance is a problem, at least in the 
conventional geometry. Fabrication of power devices 
by this method is critical since alloying tends to fol- 
low the crystal plane and diffusion does not. For large 
area emitters, therefore, extremely good crystal orien- 
tation is required. As in all transistors fabricated from 
only one side, the saturation resistance is potentially 
high. No opposing field in the base region is en- 
countered, since the emitter alloying process generally 
takes place at much lower temperatures than the dif- 
fusion and is a “short” time process. Non-penetrating 
emitters would give large aiding fields in the base 
region. 
F, Alloyed Diffused Intrinsic Region Transistor 

[11] [21] 

An alloyed diffused device which approximates the 
ideal geometry is the “intrinsic region” transistor 
(Fig. 8). In this device, both emitter and collector 
junctions are obtained by alloying while the base 
grading is provided by diffusion. A compromise be- 
tween high collector capacitance and low minimum 
collector-to-base voltage must be effected by careful 
design of the intrinsic region. Relatively tight manu- 
facturing control of resistivity, chip thickness, dif- 
fusion depth and dot penetration is also required. 
Adaptation of this unit as a power device presents 
even more specialized problems than the alloyed dif- 
fused unit. However, the intrinsic region unit incorpo- 
rates most of the advantages of the “ideal” transistor 


*Formerly Group Leader, Physics Group, Advanced Develop- 
ment Laboratory, Semiconductor Division, Raytheon Mfg. Co. 
Now at Swiss Federal Institute of Technology, Department of 
Advanced Electronics, Zurich, Switzerland. 


**Chief Development Engineer, Advanced Development Lab- 
oratory, Semiconductor Division, Raytheon Mfg. Co. 
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Processing assumptions: 


Bulk impurity concentration: Np: = 3 X 10! atoms/cm? 
Vapor diffusion of acceptor impurity (gallium) into bulk 
Diffusion temperature: 840 °C. 
Diffusion time: 1 hour 
Diffusion coefficient: 8 X 10-2 
Surface concentration: N41, = 3 X 10” atoms/em3 
Alloying of dot containing donor impurity (arsenic) 
Interface concentration: N D2» = 2 X 10° atoms/cm3 


Calculation assumptions: 


Acceptor density: N41 = Nai, erfe ——— 


2V Dea t 


Donor density: Np: = constant 
and Np2 =f No» Gl = pee 
Segregation coefficient: k & 1 
Resultant profile: 
Noi+Nait+ Np. 


Fig. 7—Alloyed diffused transistor. (n-p-n germanium) 
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as described earlier, e.g. high punch-through and 
breakdown voltages, low saturation voltage, etc. 

G. The Grown Transistor [40] [41] 

_ This is a typical example (Fig. 9) in which the pro- 
file has to be accepted as nature gives it to us, since 
solid-state diffusion takes place during the growing 
process (which would otherwise involve only the se- 
gregation principle). This diffusion rounds off the 
corners of the profile, making the junctions less abrupt. 
_ The low impurity gradient of the collector is ad- 
vantageous because it decreases the collector capacity. 


Intrinsi 7° 
Region 3 2 
° = 
8 5 
Metal emit? a 3 
ohmic fonn vet on cals reathe on 2 
Foca ian SE i i 
io jaa ae 
a Hae : 
° 
s 
ae 
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IMPURITY DISTRIBUTION (cm~>) 


° A ae) 4 5 6 E ¢ 8 
PENETRATION FROM SURFACE(mils) 


Processing assumptions: 


Bulk impurity concentration: Np: = 5 X 10% atoms/cm? 
Vapor diffusion of donor (arsenic) into bulk 

Diffusion temperature: 740 °C. 

Diffusion time: 1.1 hours 

Diffusion coefficient: 8 * 10~ em?/sec. 
: Surface concentration: Np», = 3 X 10 atoms/cm’ 
Alloying of dots containing acceptor impurity (gallium) 
: (rapid cooling) 
Interface concentration: Nai, = 2 * 10° atoms/cm*® 


x 
W regrown 
Acceptor density: 
Nar =kNayQ —g) = 


Calculation assumptions: 


Cylindrical dots (« = 


2 10% atoms/em? { (20.2) 


() (0.1<a”<0.7) 


Segregation coefficient: k = 1 
Donor density: Npi = constant 


z 
d Np2 + No.2, erfe = 
an. D2 D2 37 Dal 


Resultant profile: 
Npit+Nait Noz 


Fig. 8—Alloyed diffused intrinsic region transistor. 
(p-n-i,-p germanium) 
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(a>0.7) 


The low gradient of the emitter, however is a dis- 
advantage, as mentioned previously. In the calcula- 
tion, the diffusion coefficients have been assumed 
constant throughout the growing process. This is, in 
practice, not completely accurate since a thermal 
gradient exists in the direction of the growth, which 
alters the diffusion constants. The transistor manu- 
facturer tries to decrease this gradient as much as 
possible, in order to obtain good crystal perfection. 
It is obvious that this device will have inherently 
high extrinsic collector resistance (high saturation 


Np AS GROWN) 


Emitter lead 


Collec: 


25 mils 
z 
Base lead 


REDUCED SCALE 


60 mils 
~SCALE- 


bass is Npj (.25aem) 


IMPURITY DISTRIBUTION (10! cm?) 


ses 
Nal (AS GROWN) 


-1 ° 1 2 3 4 
DISTANCE FROM COLLECTOR JUNCTION AS GROWN 
(mils) 


Processing assumptions: 
Bulk impurity concentration: Np: = 1.5 X 10 atoms/cm? 
Crystal growth rate: 0.28 mils/sec. 
Acceptor impurity (indium) added directly to n-type melt 
Interface concentration: N41, = 10” atoms/cm® 
Donor impurity (antimony) added after 2-second time lag 
Interface concentration: Np», = 5 X 108 atoms/cm* 
Simultaneous bulk diffusion from both interfaces 
Diffusion temperature: 1400 °C. 
Diffusion time: 200 seconds 
Diffusion coefficients: Dr, = 4 X 10~" em?/sec. 
and Dsp = 8 X 10-”’cm2/sec. 


Calculation assumptions: 
= gente 


Constant cross-sectional area | g = 
W grown 


Acceptor density: 


_ [k Nay (1 — gt (a >0) 
N = ° 
“ fe (x <0) 
N Ato 0) 
Nao = 2 — erfe ——— 
2 | 2V Din | 
Segregation coefficient: k = 1 
Donor density: Np: = constant 
ae kN pz, (1 — g)* (x > 0.3) 
pi 10 (Ga) 


Np3 = 


Npd2» 2 fi xz — 0.3 
A= ——= 
2 2V/ Dsot 


Segregation coefficient: k = 1 


Resultant profile: 


Noi +Na2+ Nps 
Fig. 9—Grown transistor. (n-p-n silicon) 
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voltage) because the collector doping must be suffi- 
ciently low to allow base and emitter over-doping. 
The next three transistor types make use of the con- 
cept of bulk-diffusion; that is, subsequent to the for- 
mation of emitter and collector zones, a base region is 
formed by diffusion from one solid region into another. 
The double diffused process previously described dif- 
fers in that the impurity source is of vapor form 
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Processing assumptions: 
Bulk impurity concentration: Np; = 10% atoms/cm? 
Crystal growth rate: 0.28 mils/sec. 
Simultaneous addition of acceptor impurity (aluminum) and 
donor impurity (arsenic) to n-type melt 
Simultaneous bulk diffusion of both impurities from interface 
Diffusion temperature: 1400 °C. 
Diffusion time: 200 seconds 
Diffusion coefficients: D4; = 3 X 107! em?/sec. 
and Da; = 8 X 10-” cm?/sec. 


Calculation assumptions: 


Constant cross-sectional area (« = ss ) 
W grown 
Acceptor density: 
Nai = ‘f (x <0) 
k Nai, (1 — g) (x > 0) 
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Resultant profile: 
Npit+Na2+ Nop; 


Fig. 10—Grown diffused transistor. (n-p-n silicon) 
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rather than solid. This bulk diffusion phenomenon has 
already been encountered in the grown transistor 
where it is considered more of a nuisance than an 
advantage. 

H. Grown Diffused [6] [37] 

A high-frequency transistor with a profile relatively 
similar to that of the double-diffused device can be 
fabricated by introducing both impurity types into the 
melt at the same time. This device, pictured in Fig. 10, 
shows a base zone made by solid-state diffusion. The 
diffusion proceeds from the emitter side during a pro- 
grammed pause in the cooling cycle, at a temperature 
somewhat below the freezing point. The calculation of 
the diffusion profile again assumes a constant diffusion 
coefficient. Therefore, the actual profile differs slightly 
from the one shown, since the slopes of the impurity 
curves are in reality steeper. The main feature of this 
unit is its very narrow base width and potentially 
low collector capacitance. 

I. Alloyed Bulk Diffused [3] [4] [14] 

A very versatile profile is shown for the alloyed 
bulk diffused transistor (Fig. 11) in which out-dif- 
fusion of the alloyed (segregated) emitter region 
creates the base region and the collector junction. 
A narrow base region of constant width can be 
expected from such a technique; therefore, many 
of the difficulties inherent in the alloyed-diffused 
and other approaches are not encountered. The 
profile is quite similar to the one for the double- 
diffused transistor, except that an alloyed region 
exists behind the diffused portion of the emit- 
ter (adjacent to the metal contact); hence emitter effi- 
ciency problems are minimized. This technique is 
quite versatile, since the reservoir concentrations for 
the diffusions are controlled by the amounts of doping 
elements. The attainment of a desired diffusion profile 
is not critical if the diffusion constant of the emitter 
impurity is much lower than the one of the base im- 
purity (a situation easily obtained with the common 
impurity elements for the cases of n-p-n silicon and 
p-n-p germanium transistors). 

The extrinsic base resistance is primarily controlled 
by a previously diffused region (N41) for which main- 
tenance of close tolerances of processing conditions is 
not essential. As shown in Fig. 11, there is a slight 
slumping of N4; due to the alloy diffusion process. It 
should be noted that for this construction it is possible 
to create the base region from a molten emitter dot as 
well as from the regrown emitter but for the example 
shown, only the solid-solid case is considered. 

The penetrating alloyed collector connection de- 
creases the extrinsic collector resistances for this type 
as it would for several other constructions. 

J. Diffused Meltback [29] 

If the diffusion constants for the acceptor and donor 
elements are chosen properly in the meltback case, 
impurities can be diffused out of the unmelted emitter 
region into the low impurity level sink, forming a base 
region and collector junction. Fig. 12 shows such a 
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Processing assumptions: 
Bulk impurity concentration: Np, = 2 X 10% atoms/cm? 
Vapor diffusion of acceptor impurity (gallium) into bulk 
Diffusion temperature: 1225 °C. 
Diffusion time: 8 hours 
Diffusion coefficient: 5.8 * 10-2 em2/sec. 
Surface concentration: N41, = 108 atoms/cm* 
Alloying of dot containing acceptor impurity (aluminum) and 
donor impurity (arsenic) 
Interface concentrations: N42, = 6 X 10 atoms/cm! 
and Np», = 10° atoms/cm* 
Simultaneous bulk diffusion of both impurities from interface 
Diffusion temperature: 1150 °C. 
Diffusion time: 1.7 hours 
Diffusion coefficients: D4, = 5.5 & 10-2 em?*/sec. 
1.1 X 10- cm?/sec. 


and’ D.4,/= 
Calculation assumptions: 
la | 
Cylindrical dots ( = zs ) 
W grown 
Acceptor density: Na: = modification of N41, erfe 2 —- : = 
V Dea ‘Ga 
allowing for slump effect resulting from subsequent 
diffusion. 
kNaz(1 — 9g)" (x <0) 
N = 
a . (x > 0) 
N 
Naz = a erfe a 
2 2 V/ D4 it 
Segregation coefficient: k = 1 
Donor density: Np: = constant 
k Np», (1 — g)*" (x <0) 
Mind D% f 
ns tf (x >0) 


Np; = ND erfe a 
2 2V Das t 
Segregation coefficient: k = 1 
Resultant profile: 
Npi + Nas + Nos 


Fig. 11—Alloyed bulk diffused transistor. (n-p-n silicon) 
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Processing assumptions: 
Original bulk impurity concentration: 
Nig = 4 X 106 atoms/cm? 
and Np, = 10” atoms/cm* 
Rapid crystal growth — melt containing acceptor impurity 
(aluminum) and donor impurity (antimony) 
Meltback and recrystallization 
Simultaneous bulk diffusion of acceptor and donor impurities 
Diffusion temperature: 1300 °C. 
Diffusion time: 1.55 hours 
Diffusion coefficients: D4; = 8 X 10~" cm?/sec. 
and Dg, = 1.5 X 10-” cm?/sec. 


Calculation assumptions: 


13 
Constant cross-sectional area | g = = ) 
W remelt 


Acceptor density: 


Ng ie N aio (since kai & 1) (x<0) 
kat Naty (tk — g)kar (x>0) 
Segregation coefficient: ka, = 0.003 
Nai (0—)—Nai (0+) x 
Le —__——  (x<0 
5 erfe ow ap ( ) 
TAY eae tt getty 
A1(0—)—Nai x 
iy cae mcm ear cag erfc a Bit (z>0) 


Donor density: 
ND10 (since kgy = 1) (a2<0) 


Np. = ‘ 
4s kgo Npig (1 — g)*Sb+ (z>0) 
Segregation coefficient: k 55 = 0.04 
Npi(0—)—Npi (0+) x 
rfc ——— (2<0) 
Ns e 2 2/ Dsgpt 
a 2 = 
Npi(0—)—Npi(0+) x 
Np. Cr 
: 2 2V/D apt 


Resultant profile: 
Naz + Nop» 


Fig. 12—Diffused meltback transistor. (n-p-n silicon) 
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Table Hl 
Potential Electrical Performance Appraisal of Impurity Profiles * 


Type Ofe 1b extr. Ce 
Fusion Alloy A B C 
Diffused Emitter and Collector B B B 
Meltback Cc B B 
Emitter and Base Diffused 
(a) simultaneously Cc B B 
(b) sequentially Cc B B 
Alloy Diffused A A B 
(Alloyed) Intrinsic Region A A A 
Grown B B B 
Grown Diffused A B B 
Alloy Bulk Diffused A A B 
Diffused Meltback B B B 


Fp Vp BVcs VsaT Vin 
(e © B A A 
Cc c B A A 
B Cc B B A 
B B A Gc A 
B B A & A 
A A A G A 
A A B B S 
c Cc A Cc A 
A B A c A 
A B A (G A 
A B B B A 


*Note: In this table ‘“‘A”’ is meant to indicate best, ‘‘B’’ medium, and ‘“‘C”’ least desirable. 


unit, made by a slow refreezing process. Due to the 
low segregation constants chosen in the example, the 
collector necessarily has a high resistivity over a wide 
region.® The device as illustrated indicates potentially 
good f,, and C,, but the emitter efficiency is again 
limited. 

Comparison of Actual Transis- 

tor Profiles with the ‘“‘Ideal’’ 


Of the ten basic impurity profiles given here, the 
alloyed intrinsic region transistor most closely ap- 
proaches the “most versatile” impurity distribution. 
Five types: the double diffused, alloyed diffused, al- 
loyed bulk diffused, grown diffused, and meltback dif- 
fused have many features in common with the ideal. 
Four types: the grown, fusion-alloy, meltback and 
diffused emitter and collector differ more from the 
ideal. 

The difference between the alloyed intrinsic region 
transistor and the ideal is a very tangible and serious 
one. It is caused by the difficulty at this time of 
achieving a really pure intrinsic zone within a device. 
This difficulty is even more pronounced in silicon than 
in germanium. As a result of this situation, there is 
an unavoidable threshold voltage (Vmmin) which must 
be exceeded before the transistor will operate effec- 
tively in many applications. (In present germanium 
units, Vinin is generally in excess of 3 volts.) Thus the 
user of this commercial device is faced with choosing 
between the advantage of low C, and the disadvantage 
of the introduction of the threshold voltage difficulty. 
The low C, advantage has been chosen in this case. 
For the nine remaining profiles the threshold voltage 
problem does not exist. 

The group of transistors built around the profiles 
for double diffused, alloyed diffused, alloyed bulk dif- 
fused, grown diffused and meltback diffused resemble 
the ideal case, primarily because they all have similar 
graded base impurity distributions, a factor which 
greatly aids such performance parameters as WAS 
Yb extrs WED etc. 

One could minimize the remaining differences 
*The collector will have a low resistivity near the collector- 


base junction if an increasing speed of growth is assumed as 
in the case of the meltback transistor. 
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which exist between this group and the ideal transis- 
tor concept by designing some compromise features 
into the diffused-base family. Thus, introduction of an 
intrinsic region and a fused collector dot results in 
new profiles which deviate only slightly from the ideal 
case. The alloy diffused, alloy bulk diffused and 
double diffused transistors are more amenable to this 
kind of construction modification than the grown dif- 
fused or the meltback diffused. 

The fact that the remaining four impurity profiles 
differ from the ideal case to a greater degree does not 
make them poor transistors. Rather it points out that 
they are engineered for a more limited range of appli- 
cation. In point of fact, more transistors made by the 
fusion-alloy and grown techniques have been put into 
service than transistors made by all other techniques 
combined. 

The preceding discussion leads to the following con- 
clusions: 

1. The “ideal” transistor profile is a useful analyti- 
cal concept which aids in understanding the pres- 
ent range of available transistors. 

2. Achievement of the ideal profile would be very 
desirable; however, this does not appear to be 
practicable at this time. 

3. The different impurity profiles approach the ideal 
in varying degrees and could come closer with 
the introduction of several compromise features, 
if this should be considered desirable and eco- 
nomical. 

4, Transistors that deviate greatly from the ideal 
can be perfectly adequate for many important 
circuit applications. 


Tabulation of Performance Qualities 

The final summary of this article is to be found in 
Table II. The user of this table should realize that it 
is an attempt to appraise only theoretical limitations 
and advantages of impurity distributions (Figs. 2 
through 12). This appraisal was necessarily made in 
a way which is quite qualitative and dependent on the 
judgment of the writers. 

While, in general, the electrical performance picture 
for available transistors matches the theoretical ex- 
pectations, many differences exist where the engineer- 
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ing art has progressed nearer to the theoretical limits 
for some devices than for others. 

It should be understood that new applications could 
call for different impurity profiles and a different 
“ideal” in conventional transistors. Other concepts 
such as tetrodes, hook transistors, field effect transis- 
tors, unipolar transistors and the newer ones, such as 
thyristors, spacistors, etc., may be expected to extend 
the range of semiconductor devices further. The 
probability is that as these become commercially sig- 
nificant they also will do so as a result of the exploita- 


tion, in numerous variations, of the two basic metal- 
iurgical phenomena of alloy segregation and diffusion. 
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List of Symbols 


eae In an intrinsic region transistor the minimum voltage ry ez,. Extrinsic base branch resistance. 
required for the space charge to widen across the intrinsic Tigh The frequency at which the magnitude of ap is .707 of 
region. the low frequency value. 
k The segregation coefficient (ratio of impurity concen- Cg Collector capacitance. 
tration in the solid to that in the liquid at the interface). V, The voltage at which the space charge region extends 
g That fraction of the original volume which has solidified. from the collector to the emitter junction. 
D The diffusion coefficient. BVcx The avalanche breakdown voltage from collector to 
af The small signal short-circuit forward current transfer base, emitter open circuited. 
ratio. (common emitter) Vgar Saturation voltage or voltage measured from collector to 
arb The small signal short-circuit reverse current transfer emitter when the transistor is operating in the saturation 
ratio. (common base) region. 
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Performance of Transistors As Tuned 


Power Amplifiers At VHF 


BERNARD REICH* and WILLIAM ORLOFF* 


Results are presented of an investigation to determine the power capability of transis- 
tors designed for power performance in the region of 70-100 me. Two types of germanium 
units and one type of silicon device were used in the experiments. Basic measurement 
circuits are illustrated, and tables showing performance characteristics are included. 
Important device characteristics are given, as well as suggestions for improved efficiency. 


at very high frequencies has never been fully 

exploited. This implication is based on the fact 
that diffused-base transistors with good thermal char- 
acteristics have been available for approximately 
two years without investigation of their performance 
at reasonable power levels. Recently investigations 
were initiated at this Laboratory to determine, at 
least to a first approximation, the power capability 
of transistors designed for power performance in the 
region of 70-100 me. It is realized in preparing this 
article that all of the questions arising as a result of 
these investigations have not been answered, but it 
is the purpose of the authors to report their findings 
and to stimulate further device and circuit work. It 
is believed that by further device refinement and 
circuit design, the capability of the transistor as a 
power device capable of delivering one to two watts 
at frequencies of 70-100 mc is realizable in the near 
future. 


[ HE CAPABILITY of transistors as power amplifiers 


Experimental Procedure 


Three different types of devices were available to 
the authors at the time of investigation; two fabri- 
cated from germanium, the other from silicon. The 
germanium devices had frequency characteristics 
yielding a gain bandwidth product (hy. measured 
frequency) of approximately 500 mec. The silicon 
transistor had a maximum frequency of oscillation 
in the range of 200 mc. All units have the collectors 
directly connected to the can and (as best as could 
be determined by direct measurements made at this 
Laboratory and information supplied by the manu- 
facturer) the germanium units had thermal resistance 
values between junction and case of 50 and 110- 
°C/watt respectively. Information on the silicon tran- 
sistor was not readily available. Solid aluminum and 
copper heat dissipators which had surface areas of 
approximately seven square inches were used during 
the course of the measurements. The class of opera- 
tion in both germanium devices is Class C. Because 
of device characteristics not yet fully understood, the 


silicon transistor appeared to operate most efficiently 
in Class AB. 


*U. S. Army Signal Research and Development Laboratory, 
Fort Monmouth, New Jersey. 
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BOLOMETER 


simi 


Ale aes 


Fig. 1—Measurement circuit for germanium devices. 


BOLOMETER 


tipi ae 


Fig. 2—Measurement circuit for silicon device. 


The two basic circuits used for measuring the per- 
formance of the devices are shown in Fig. 1 and 2. 

In Fig. 1, a resistor Ry is used in the emitter to 
provide emitter back biasing during operation. For 
the two germanium devices measured, it was found 
that 10 and 27 ohms seemed optimum for the devices 
examined. For the silicon transistor, a forward bias 
was used to optimize the operating conditions best 
suited for this device. In the case of the germanium 
devices, the back bias appearing across the emitter 
to base is I;Ry plus the characteristics of the device 
contributing to the back biasing effect. Typical operat- 
ing conditions indicated an average current up to 50 
milliamperes yielding back biases up to 0.5 volts and 
1.3 volts during operation. 


Results 


For the purposes of clarification in future results 
reported, the following definitions are adopted on 
various parameters: 


TABLE I 
Performance of Germanium and Silicon Devices 


Device Freq P Output P Gain Collector 
Designation Unit #  (me/sec) (Watts) (db) Efficiency (%) 

Gel 56 75 A 5.6 45 

106 40 7.6 43 

313 v6) 54 55 42.5 

106 61 6.1 44 

Ge 2 200 70 34 7.8 74 

; 201 70 Al 6.7 65 

Si 70 1.0 7.0 52 
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Fig. 3—Saturation characteristics. (Germanium devices) 


2 
oO 


Collector Efficiency = — 
ae 


where P, = a-c power output, 
V. = d-c collector voltage across the transistor, 
I, = the average collector current. 


2 


Power Gain = 


in 
where P;,, = a-c power input. 


Table I is a tabulation of results on various device 
types examined. For the purpose of clarity, the 
germanium units are represented as Ge 1 and Ge 2 
respectively, and the silicon device as Si. 

Table I indicates that silicon and germanium devices 
exist which are capable of delivering .4 to 1.0 watts 
in the frequency range 70-100 mc/sec with gains of 
approximately 5-8 db with varying efficiencies of 
42-74%. The results given in Table I are on devices 
_ which are experimental (Ge 2 and Si), while the Ge 
1 device is in partial production. 


Analysis of Results 


With respect to the germanium devices operated as 
Class C amplifiers, some analysis of the device per- 
formance will be presented. In the following discus- 
sion, it is assumed that the driving and output volt- 
ages are sinusoidal although oscillographic data is 
not available. The back bias across the base to ground 
at the input of the transistor is: 


V' pr = dg av Ry + Ver (1) 


where I, a Rz is the voltage drop across the emitter 
resistor and 


Van is the forward voltage across base to 
emitter necessary for forward con- 
duction. 


1 Fundamentals of Vacuum Tubes—Eastman; McGraw-Hill 
Publishing Company. 
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In the Ge 1 transistor, Vz, was found to be 0.2 volts 
while for the Ge 2 unit it was 0.18 volts. In a typical 
operational setup, a-c and d-c levels of power voltage 
and current were noted as listed in Table II 


TABLE II 
Typical Conditions in Tuned Power Amplifier Circuit 
Device Freq Voc I..v P; Pin Vin Vout V'sr 
Designation mc/sec Volts ma Watts Watt rmsvolts rmsvolts Volts 
Gel 15 26 44 520 «110 25 12.5 1.15 
Ge2 70 17 42. SIG) -0F2 1.65 10.7 0.54 


From Table II, the peak value of voltage swing at 
the collectors may be calculated. For the GE 1 device, 
this would be approximately 17.7 volts, and for the 
Ge 2 device, 15.2 volts. It must, therefore, be as- 
sumed that the voltage swing is limited by the d-c 
characteristics of the Ge 1 device in the case cited in 
Table II, this bottoming voltage being approximately 
8.3 volts. In the Ge 2 device, approximately the maxi- 
mum voltage swing occurs, and only 1.8 volts is not 
accounted for in the measurements. 

The degree of current flow in the collector circuit 
is now calculated on the basis of the data presented 
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25 MA/STEP 
Fig. 4—Saturation characteristics. (Silicon device) 
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Fig. 5—Collector characteristics. Breakdown voltage. 


in Table II and the assumption previously made. As- 
suming Vin = Vv, sin 9, the angle of current flow for 
the Ge 1 device is 142°, and for the Ge 2 device 153° 
indicating a shallow Class C operation. If the angle 
of current flow is known, the peak value of collector 
current may be determined with the assistance of 
curves based on Fourier Series analysis'. This yields 
maximum collector currents of 76 and 71 milliamperes 
respectively for Ge 1 and Ge 2. Calculating the out- 
put power on the basis of the information yields cal- 
culated power outputs of .670 and .530 watts for Ge 1 
and Ge 2. The calculation for the Ge 2 device is quite 
accurate; however, some difference in calculated 
reading and observed result is noted. It is believed 
that this results from device characteristics, partic- 
ularly the saturation voltage, and will be discussed 
in a following portion of the report. 

Other characteristics such as the load impedance 
and average value of current gain at the operating 
frequency have also been calculated. These results 
along with others previously given are summarized 
in Table III. 


TABLE Il 
Summary of Class C Performance Characteristics 
; hye 
Device Current Flow Zi, Lk Vop Operating 
Designation in degrees (Ohms) (ma.) (Volts) Freq. 
Gel 142 305 76 17.7 0.95 
Ge2 153 224 71 15.2 11 


An interesting conculsion may be drawn on the 
basis of Table III; that the power gain is mainly a 
function of the voltage gain of the device examined. 


Important Device Characteristics 


From this investigation it has been found that the 
performance of these devices depends mainly on two 
important conditions: 

a. The device must have frequency characteristics 
commensurate with the operating frequency. This 
statement, it is realized, is general; however, the 
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device will or will not perform and the power gain 
characteristic especially will suffer. 

b. The d-c “On” and “Off” characteristics seem to 
be of vital importance at present. 

At this point, some elucidation of statement “b” 
above is in order. Fig. 3 indicates the “bottoming” or 
“on” characteristics of two Ge 1 devices. It is to be 
noted that Fig. 3a is representative of one of the better 
devices of the Ge 1 class. At approximately 80 mil- 
liamperes the saturation voltage is approximately 
four to five volts depending on the base current drive. 
In Fig. 3b, the saturation voltage is approximately 
10 volts at 80 milliamperes. Considering the previous 
information in the performance of the Ge 1 device, 
it was noted that the voltage swing in the collector 
was not at a maximum. 

Figure 3c is the saturation characteristic of the 
Ge 2 device. At a collector current of 70 milliamperes, 
a fraction of a volt in saturation is noted. This again 
agrees with the performance data deduced from 
Table II. 

The silicon transistor saturation characteristic is 
shown in Fig. 4. Approximately one volt at 100 mil- 
liamperes of current is noted. Fig. 5 shows the col- 
lector characteristics of the three devices examined. 
Noted in the Ge 1 device is a deterioration in the 
output characteristic above 10 milliamperes. The high 
voltage characteristic of the silicon transistors is 
evident. 

It is felt that these output characteristics indicate, 
especially in the case of the germanium devices, that 
higher power outputs resulting from improved 
efficiency are attainable by improvement of the d-c 
characteristics. 

This study has indicated that both silicon and 
germanium devices exist which are capable of power 
operation at very high frequencies, especially in the 
70-100 me/sec range. Although the study was limited 
to this frequency range, there are indications (espe- 
cially in the case of the Ge 1 device) that power 
operation above these frequencies is attainable. 
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A New Technique For Measuring 


‘Transistor Switching Times 


RONALD R. JOHNSON,* ROBERT D. LOHMAN,* RICHARD R. PAINTER* 


A new test method for improving and simplifying the measurement of transistor switching 
times is presented. The measurement of transistor switching times is described, and the 
problems in the presently used method of making these measurements are explained. The 
new method and its advantages are then presented and explained, and the circuits used in 
the new test set are described. This article shows how the new method (1) requires little 
or no adjustment of the oscilloscope controls; (2) is not affected by drift in the oscilloscope 
amplifiers; (3) allows simultaneous measurements of delay time plus rise time, and storage 
time plus fall time (again without adjustment of oscilloscope controls); and (4) provides 
direct, easy recognition of unsatisfactory units by superimposing a reference waveform 


over the output waveform. 


most important measurements made on switch- 

ing transistors. Unfortunately, it is also one of 
the most difficult tests to perform. The difficulty is 
due to the fact that it is necessary to read very short 
time intervals on an oscilloscope and simultaneously 
compare the output waveform with the input wave- 
form. 

The difficulty of this operation is increased by the 
fact that slight changes in the oscilloscope amplifier 
can cause either one or both of the waveforms to 
drift. Thus accuracy is limited, correlation is difficult, 
and the test rate is slow. 


T= MEASUREMENT of switching times is one of the 


Transistor Switching Times 


Before the method of testing switching transistors 
is considered, it may be helpful to discuss the method 
of measuring switching times. The discussion that 
follows refers to a p-n-p transistor only. If the po- 
larities are reversed, the discussion is valid for n-p-n 
transistors. The transistor in the circuit in Fig. la is 
normally off because the base is held positive with re- 
spect to the emitter. When a sufficiently large nega- 
tive current pulse is applied to the base, the base be- 
comes negative with respect to both the emitter and 
collector and the transistor is driven into the current- 
saturation region. Current saturation is characterized 
by a very high minority carrier density in the base 
region because both the emitter and collector junc- 
tions are forward biased. Fig. 1b shows the waveform 
of the transistor base current. I; is the turn-on drive 
current and I,» is the turn-off drive current. Fig. 1d 
shows the waveform of the collector-to-ground volt- 
age that results when the negative voltage pulse 
shown in Fig. 1c is applied to the base of the tran- 
sistor. The transistor does not turn on immediately at 
the time of step function No. 1 of the input pulse. 
This finite time before the transistor starts to turn on 


*Radio Corporation of America, Semiconductor and Materials 
Division, Somerville, N. J. 
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is called delay time, and is defined as the period of 
time between the step function No. 1 of the input 
pulse and the time at which the collector-to-ground 
waveform reaches 10 percent of its saturation value. 
Rise time is defined as the time between 10 percent 
and 90 percent of the rise of the collector-to-ground 
waveform from zero to its saturation value. 

Figure 1 also shows that the transistor does not turn 
off immediately at the time of step function No. 2. 
The finite time before the transistor starts to turn off 
is called storage time and is defined as the period of 
time between step function No. 2 and time at which 


BASE-CURRENT 
0 ; WAVEFORM 
fe, B2 (b) 


INPUT-VOLTAGE 


WAVEFORM 
FUNCTION 
N22 


OUTPUT -VOLTAGE 
WAVEFORM 
(d) 


| 
SS) H++— STORAGE TIME 
aaa) te NUE Mts 


DELAY TIME = 
RISE TIME—>1  — 


Fig. 1—Switching transistor showing base current wave- 
form, input-voltage waveform, and collector-to-ground 
(cutput) voltage waveform. 
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the collector-to-ground waveform reaches 90 percent 
of its saturation value. Fall time is defined as the time 
between 90 percent and 10 percent of the fall of the 
collector-to-ground waveform from saturation to its 
normally off value. 

The measurement of the delay time and rise time 
sometimes are lumped together into one measurement 
for convenience. This measurement is approximately 
equal to the rise time because the delay time is 
usually very small. Sometimes, storage time and fall 
time also are lumped into one measurement, but 
neither storage time nor fall time is negligibly small 
for most transistor switching circuits. 


Conventional Method For Measuring Switching Times 


Figure 2a shows a typical transistor switching cir- 
cuit. The transistor is normally off due to the positive 
bias, Vo, on the base. The waveform of the input pulse, 
‘which is negative and of sufficient amplitude to turn 
the transistor on and into current saturation is shown 
in Fig. 2b, and the collector-to-ground output wave- 
form is shown in Fig. 2c. In the conventional method 
of measuring switching times, these waveforms must 
be compared on a dual-input scope such as the Tek- 
tronix 535 used with preamplifier 53C. 

The tester views both waveforms on the oscilloscope 
screen simultaneously. The height of the output wave- 
form must be adjusted to coincide with the 10 lines 
on the scope screen as shown in Fig. 2c. Step function 
No. 1 must be lined up with a vertical line on the scope 
screen when delay time (t,;) and rise time (t,) are 
measured, and then the scope must be readjusted so 
that step function No. 2 is lined up with another verti- 
cal line on the screen when storage time (t;) and fall 
time (t;) are measured. 


(a) 


fo) 
INPUT 
-10V PULSE 
| WAVEFORM 
(b) 
| 
90% | ——— =a 
a/\Sa===5 == 
10% SS SS SS == 
COLLECTOR- 
LINES ON TO-GROUND 
SCOPE OUTPUT 
FACE-PLATE | WAVEFORM 
totter (c) 


Fig. 2—Typical switching circuit showing comparison of 
input and output waveform on oscilloscope screen. 
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Because the waveforms tend to drift up or down, 
the position of the waveform must be checked periodi- 
cally. Drift is particularly objectionable in wave- 
form (c) because the lines on the screen are sta- 
tionary and the tester must determine the switching 
times of the transistor from the relative position of 
waveform (c) with respect to these lines. All of these 
manipulations require care, decrease the accuracy 
of the measurement and greatly decrease the testing 
speed. Moreover, the factory tester is usually not 
trained in the use of oscilloscope controls. 


New Method For Measuring Switching Times 


If the input pulse is applied to a time delay circuit, 
as shown in Fig. 3a, it is possible to obtain a reference 
waveforms such as shown by the dashed lines in Fig. 
3c. Then, times t; and ts are independently adjustable 
and may be calibrated and set at the desired limits 
prior to testing. Once tf, and ts have been calibrated, 
the input pulse waveform, Fig. 3b, is to be displayed 
on the oscilloscope, and the tester only has to observe 
the waveforms in Fig. 3c. (The dashed lines appear 
as solid lines on the scope). The reference time-delay 
waveform coincides with the 10 percent line at the 
bottom level and the 90 percent line at the top level. 
This alignment is accomplished automatically in the 
time-delay circuit which will be discussed later. 

When an oscilloscope display such as that shown in 
Fig. 3c is used, it is very easy to determine a passing 
or failing unit. To determine t,; ++ t; failures, the 
tester simply looks at the left top edge (point A) of 
the calibrated time-delay waveform and observes its 
relationship to the waveform of the transistor under 
test. If point A is to the right, the unit passes the t; 


TRANSISTOR 
UNDER 
TEST 


ADJUSTABLE 
TIME-DELAY 
CIRCUIT 


ELECTRONIC 
SWITCH 


(a) 


INPUT-VOLTAGE 
WAVEFORM 


(b) 


OUTPUT-VOLTAGE 
WAVEFORM OF 
TRANSISTOR UNDER 
TEST 


| ADJUSTABLE 

| CALIBRATED 

l~— OUTPUT OF 

- | TIME-DELAY 
10% B CIRCUIT 


(c) 


Fig. 3—Block diagram of new Test Set showing input 
and output waveforms from electronic switch. 
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limit. If it is to the left, the unit fails. If it falls directly 
on the line, then the unit has a tz + t; equal to the 
limit. 
— To determine t, + t; failures, the tester looks at 
_ point B and observes its relationship to the transistor 
under test waveform. If point B is to the right, the 
unit passes the t. limit. If it is to the left, the unit 
fails. If it falls directly on the line then the unit has a 
t; +t; equal to the limit. 

Because both waveforms in Fig. 3c go through the 
same oscilloscope amplifier, there is no drift prob- 
lem. Moreover, there is no problem of height adjust- 
ment and no need to use the reference lines on the 
scope screen because the 10 percent and 90 percent 
lines are automatically fixed. 


Detailed Description of Circuits Used in New Test Set 


Figure 4 is a schematic diagram of the time-delay 
circuit. In this circuit, the time delay is obtained by 
utilization of transistor sterage time. Pulse delay 
time tz in Fig. 4 is obtained by adjusting variable re- 
sistor R,, so that transistor T; is heavily saturated and 
has a longer storage time. The increased storage time 
of T,, in turn, increases the pulse delay time ty». In the 
same way, time ft; can be varied by adjusting the vari- 
able resistor R» to increase the storage time of trans- 
istor T2. In this circuit t. may be varied from 0.7 tsec 
to 5.0 usec. and t; may be varied from .44 usec. to 
3.30 usec. 

The purpose of the transistor T; circuit is to reduce 
rise and fall times and to sharpen the waveform be- 
fore it is sent to the electronic switch. 

The voltage dividing resistors Rz3, Ry, and R; auto- 
matically keep the amplitude of the output of the time 
delay circuit between 10 percent and 90 percent of 
the amplitude of the transistor under test, assuming 
that the —10 volts utilized in the time delay circuit is 
also used as the collector voltage, Voc, of the transis- 
tor under test. 

The purpose of the electronic switch is to apply 
both outputs to one oscilloscope input and thereby 
permit simultaneous viewing of the two waveforms 
on the screen, as shown in Fig. 3c. A microswitch may 
be used for this purpose but it is slower and the re- 
sultant waveforms are much more difficult to read. 

Figure 5 is the schematic diagram of the electronic 
switch that is used in the test set described in this 
article. In this circuit, when transistor T, is on, input 
No. 1 is connected directly to the 100,000 ohm resistor 
R,. If at the same time T% is off, input No. 2 is blocked 
from R,. Then if Ty is turned on and T, turned off, in- 
put No. 2 is connected directly to R; and input No. 1 is 
blocked. Thus, input No. 1 waveforms and input No. 2 
waveforms will be alternately seen across R,. If the 
positive gate of the oscilloscope is used as the synchro- 
nizer, the oscilloscope will read input No. 1 during 
one sweep-time duration and input No. 2 during the 
next sweep-time duration. This switching is done so 
quickly that the two pictures appear as one due to the 
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Fig. 4—Schematic diagram of adjustable time-delay 
circuit. 


persistance of the oscilloscope screen. 

Transistors Ts and T; are used in a flip-flop arrange- 
ment. The trailing edge of the positive gate from the 
oscilloscope supplies the negative trigger. For ex- 
ample, when T, is on and T; is off, the voltage at the 
collector of Tg is approximately + 0.2 volts. The base 
of T; is connected to the collector of Ts, and thus T; is 
biased with an emitter current of approximately 3 mil- 
liamperes. This current is sufficient to cause T; to 
saturate. The collector of T; thus assumes a potential 
of approximately + 0.5 volts. The base of T, is there- 
fore reverse biased with respect to the emitter and the 
negative input signal on the collector of T, is blocked. 
This arrangement is suitable only if the signals to be 
gated are always negative with respect to ground. (A 
simple rearrangement of d-c levels permits gating posi- 
tive as well as negative signals.) 

During this time, T; is off. Therefore, its collector is 
at approximately -+10 volts. The emitter of Ts is 
+- 2.3 volts and therefore, Ts is off. Ty is thus sup- 
plied with sufficient base current to saturate and pass 
the input signal at its collector to emitter terminal. 


Ne] 
INPUT 


beate FROM SCOPE 


OUTPUT 9(TO SCOPE INPUT) 


Fig. 5—Electronic switch used in Test Set. 
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APPLICATIONS 


ENGINEERING DIGESTS 


Beginning with this issue, Semiconductor Products Magazine makes available 
condensed versions of Manufacturer’s application notes. For further information 
circle the number of the desired application note on the inquiry card provided 


at the back of the magazine. 


APPLICATIONS ENGINEERING DIGEST No. 1 


No. 1—Ulira High Speed Switching 
Circuits Using the Microalloy Diffused- 
Base Transistor (MADT). Landsdale 
Tube Co. Division of the Philco Corp. 

A number of high speed experimen- 
tal switching circuits are described, 
utilizing direct-coupled transistor logic, 
resistor-coupled transistor logic and 
resistor - capacitor - coupled transistor 
logic. Among the circuits described are 
a 1 me ring counter using capacitor 
memory storage for gating purposes, a 
45 me resistor-capacitor-coupled trans- 
istor binary counter, a 1 mc resistor- 
coupled transistor logic circuit, and a 
10 me blocking oscillator. Performance 
data and temperature stability of vari- 
ous circuits are discussed. 


Direct 
(DCTL) 
Direct coupled transistor logic offers 
simplicity and full utilization of trans- 
istor characteristics. The main require- 
ment of direct-coupled transistor logic 
is that the saturation voltage of the 
transistor be less than the required base 


Coupled Transistor Logic 


Fig. 1—Two stage direct coupled switch. 
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Ol ol 
IN625  IN625 


OUTPUT 
2 


TI,T2=2N501 
+lov 
Fig. 2—MADT binary counter with 
diode trigger steering. 


voltage to cause the following stage to 
conduct. Fig. J illustrates a two-stage 
switch that is direct coupled. 


Resistor-Capacitor-Coupled Transistor 
Logic (RCTL) 
Resistor-capacitor-coupled transistor 
logic, which lends itself to diode gating 
is a carryover from vacuum tube cir- 


R2=5.1K 
3= 75K 
TI,T2=2N5OI 


INPUT j 
l 


Fig. 3—Basic RTL circuit. 


cuitry. Fig. 2 illustrates a _ resistor- 
capacitor-coupled binary counter that 
utilizes diode transistor gating. 


Resistance-Coupled ‘Transistor Logic 
(RTL) 
Resistor-coupled transistor logic 


(RTL) is an attractive circuit connec- 
tion from an economical point of view. 
It offers a considerable saving of tran- 
sistors over direct-coupled transistor 
logic but there are some drawbacks 
such as increased switching time and 
decreased logical gain. However, with 
the MADT, RTL repetition rates above 
1 mec have been obtained without se- 
lection of transistors. The basic RTL 
circuit is illustrated in Fig. 3. 


Special Pulse Circuits—Blocking Oscil- 
lators 

Fig. 4 illustrates a 10 me free running 
blocking oscillator which has an output 
pulse width of 28 millimicroseconds. 


For more complete information 
circle No. 198 on response card 
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FORMER PE 270! 


Fig. 4—10 me blocking oscillator. 
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APPLICATIONS ENGINEERING DIGEST No. 2 


No. 2—60-me I-F Amplifier Using 
| Silicon Tetrodes. Texas Instruments 
} Compact, high-performance, inter- 
» mediate-frequency amplifiers are widely 
/ used in radar and missile applications. 
| The advantages in size and weight re- 
_ duction to be gained by transistoriza- 
tion of these circuits are many. How- 
' ever, until recently, the attractiveness 
'of this approach has been limited by 
low gain, poor interchangeability, and 
lack of environmental ruggedness. 

Recent developments in silicon trans- 
istors have provided devices which 
overcome these objections and thus 
make practical the design of high-gain, 
wide-band i-f amplifiers. This report 
describes one such design which is 
representative of the capabilities of 
these devices. 


_ Eight-Stage Amplifier 
Figure I is a schematic of the en- 


+20v0c 


Table I 
Gain 105 db 
Bandwidth 20 mec 
Center 
Frequency 60 me 
Gain 
Variation 
to 85°C —8 db (See following 
discussion on 
temperature 
performance) 


No neutralization. Absence 
of regeneration. Design 
suitable for production. 


tire amplifier. The input and output 
transformers depend on source impe- 
dance and load impedance, respec- 
tively. Table I indicates the results ob- 
tained. 

The final amplifier, when tested, ex- 
hibited a lack of any type of regener- 
ation. The test results closely followed 
the performance expected from pre- 
liminary calculations. This lack of re- 
generation is due partly to the low 
impedance levels present in the circuit 
but primarily to impedance mismatch 
between stages. The ordinary con- 
siderations in the layout and pack- 
aging of high-frequency circuits apply 
to this design. The final form of the 
amplifier used a cover plate, but no 
evidence of instability could be de- 
tected without it. 


For more complete information 
circle No. 199 on response card 


620 I B20 a 620 
Fig. 1—Schematic of 60 m i-f amplifier. 


APPLICATIONS ENGINEERING DIGEST No. 3 


No. 3—Broadcast Band Frequency Con- 
verter Using R.C.A. Transistors 2N140, 
2N219, 2N411, or 2N412. Radio Corpo- 
ration of America, Sommerville, N.J. 
This note describes a broadcast band 
frequency converter. The circuit has an 
average gain of 30 db when operated 
from a 9-volt battery, and operates de- 
pendably at reduced battery voltage. 
Within the operating conditions of the 
circuit described, the performance of 
all four transistor types is the same. 


Circuit Description 
The basic circuit of the converter is 
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Fig. 1—Basic converter circuit. 
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shown in Fig. J. The circuit uses a 
series-feed oscillator with emitter injec- 
tion to minimize interaction between 
the oscillator and antenna sections, and 
requires a five-terminal oscillator coil. 
Capacitor C. is used to couple the sig- 
nal from the oscillator coil to the 
emitter, and also as an r-f bypass for 
the emitter-circuit resistor R.. The 
considerations which determine the 
values for the various components, and 
the design of the oscillator coil and 
antenna section are discussed in the 


basic note. 


For more complete information 
circle No. 200 on response card 
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SEMICONDUCTOR & SOLID-STATE BIBLIOGRAPHY 


TITLE PUBLICATION CONDENSED SUMMARY AUTHOR 
An Experimental Bell Labs Record Description of a unit more efficient than, yet equal A. Busala 
Transistorized 11/58 in transmission performance to, the widely ac- 
Telephone cepted 500 set. 
Transistorized Electrical Design Circuit achieves input impedances of up to 50 Sam Levy 


Bootstrap Circuit 
Stabilizes Amplifier 


Transistor Bias 
Stabilization 


Transistor Variable Gate 
with High Stability 


Multiplication in 
Semiconductors 


An Electrical 
Multiplier Utilizing the 
Hall Effect in Indium 
Arsenide 


Diode Hole Storage 
and “Turn-on” and 
“Turn-off’ Tme 


The Effect of a 
Magnetic Field on 
Point-Contact 
Transistors 


Designing Transistor 
Circuits-Sequential 
Logic 


Designing a Transistor 
Audio Oscillator 


For Converting Transistor 
Parameters, Jacobians, A 
New Computational Tool 


Pulse Amplifier With 
Nonlinear Feedback 


Thermoelectricity— 
Its Impact on Science 
and Technology 


A Diode Matrix 
Vertical Interval 
Video Switcher 


Short Distance Radio 
Telemetering of 
Physiological Information 


New Developments 
in Silicon 
Photovoltaic Devices. 
A Transistor 


with Thyratron 
Characteristics 


The Reaction of Ger- 
manium with Aqueous 
Solution 
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News 10/58 


Electrical Design 
News 10/58 


Electronic Design 
11/26/58 


Electronic 
Engineering (Brit) 
11/58 


Electronic 
Engineering (Brit) 
11/58 


Electronic 
Engineering (Brit) 
11/58 


Electronic 
Engineering (Brit) 
11/58 


Electronic Equip- 
ment Engineering 
11/58 


Electronic Equip- 
ment Engineering 
11/58 


Electronic Indus- 
tries—11/58 


Electronics 
11/58 


Industrial Labs 
11/58 


IRE Trans on 
Bdcast Trans 
Sys. 12/58 


IRE Transactions 
on Medical Elec- 
tronics 12/58 


Jl of the Brit. 
Inst. of Rad. Eng. 11/58 


Jl of the Brit. Inst. 
of Rad. Eng. 11/58 


Journal of the Electro- 
chemical Society 11/58 


megs; has low noise, wide bandwidth, and an out- 
put impedance of 68 ohms. 


Nomograph aids in transistor bias stabilization 
design. 


Stability and accuracy of the basic gating circuit 
can be increased by a factor of 10 using a simple 
feedback arrangement and temperature coefficient 
resistors. 


Analogue multipliers can be made using either the 
Hall Effect or magneto-resistance in semiconduc- 
tors. Possible modes of operation are considered 
and materials discussed. 


Details are given of the construction and perform- 
ance of a multiplier in which an indium arsenide 
Hall plate is mounted in the gap in a ferrite core. 


Danger of comparing diodes by the published hole 
storage times, without at the same time consider- 
ing the conditions of measurement in each case. 


A magnetic field is applied to a point-contact 
transistor at right angle to the plane of the emitter 
and collector; observations have been made of 
characteristics alterations of the device. 


Use of binary arithmetic; truth tables and Veitch 
diagrams are discussed. A logical diagram is de- 
veloped for a 5-count system that employs flip- 
flops. 


Circuit analysis, amplitude stabilization and fre- 
quency drift are among the design considerations 
discussed. 


Conversion from one to the other of the six types 
of parameters for each of the three circuit con- 
figurations simplified by use of this new system. 


Circuits provide amplification of 100 k-c square 
waves and limit the output amplitude without 
introducing place distortion. 


Discussed in this paper are Kelvin Law reformu- 
lated, actual vs. Carnot efficiency index of effi- 
ciency, thermoelectric engine and materials de- 
velopment. 


Description of switching systems which provides 
an overlap switch of approximately 200 usec 
timed to fall within the mid-range of the 1000 
usec vertical sync interval. 


A completely transistorized radio transmitter and 


a receiving system are described operating at 
104 me. 


The spectral response, transient response and 
temperature dependence of solar, low level and 
photodiode cell devices are considered. 


Device is obtained by immersing a tungsten 
whisker into the collector contact of an n-p-n tran- 
sistor with high base resistivity. Details of produc- 
tion and performance are given. 


The dissolution of Ge, in H2O was studied as a 
functional of oxygen, partial pressure, tempera- 


ture, crystallographic orientation, and mobile-car- 
rier density, 
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News from 
Raytheon's 
Semiconductor 
LAV I SION ton 


ELECTROLYTIC SLICING— 
This engineer is slicing a ger- 
manium crystal by electrolytic 
means. Up to now semiconductor 
wafers have been formed by 
mechanical processes, such as 
cutting with diamond saws or 
lapping with abrasive powders. 
The resulting mechanical dam- 
age to the critical surfaces 
reduces the quality and effective- 
ness of finished semiconductor 
devices. Electrolytic slicing of 
crystals, producing surfaces 
which are free from the mechani- 
cal damage resulting from other 
methods, is one of the many 
pioneering activities initiated 
and carried forward by the scien- 
tists and engineers of Raytheon’s 
Semiconductor Division. 


THE PLACE FOR THE MAN WHO IS GROWING 
FASTER THAN HIS ASSOCIATES 


There are openings at Raytheon’s Semiconductor Division for scientists and 
engineers with semiconductor experience and a desire to find more room for 
personal and career growth. Opportunities exist in the following areas: 


Device Design and Development 
Material Development 
Mechanization 
Circuit Design 
Application Engineering 


You are invited to explore the advantages for yourself in associating with 
Raytheon’s Semiconductor Division. Write to Mr. Allen S. Moorhead, 


RAYTHEON MANUFACTURING COMPANY, Semiconductor Division, 
150 California Street, Newton 58, Massachusetts. 


The place for the man who is growing faster... 


SEMICONDUCTOR DIVISION of 


Excellence in Electronics 


SEMICONDUCTOR PRODUCTS e MAY 1959 Ay 


TITLE 


Magnetic Field 
Dependence of the 
Hall Effect and 
Magnetoresistance 
in Graphite Single 
Crystals 


Analysis of 
Galvanomagnetic de- 
Haasvan Alphen Type 
Oscillations in 
Graphite. 


Analysis of 
Multicarrier Galvano- 
magnetic Data for 
Graphite 


Alpha-Particle 
Irradiation of 
Ge at 4.2°K 


Theory of the s 
Hall Effect in 
Ferromagnetic 
Substance 


Surface Transport 
Theory 


Fundamental Absorp- 
tion Edges in Cadmium 
Sulfide 


High Vacuum Studies 
of Surface Recombina- 
tion Velocity for 
Germanium. 


Low Temperature Heat 
Capacity of Pure and 
Reduced Rutile 

(TiOz) 


Magnetoresistance in 
PbS, PbSe, andPbTe 
at 295°, 77.4°, and 
4.2°K, 


Free Carrier 
per eaon in N-Type 
e 


Roles of Traps in the 
Photoelectromagnetic 
and Photoconductive 
Effects 


Transfluxor Controlled 
Electroluminescent 
Display Panel 


Transistorized-Telemetering 
Development and Design 
Criteria 


Quarterly Progress Report 
(46th, July 1957) 


Quarterly Progress Report 
(45th, April 1957) 


Quarterly Progress Report 
(44th, January 1957) 


Quarterly Progress Report 
(43rd, Oct. 1956) 
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PUBLICATION 


Physical Review 
11/1/58 


Physical Review 
11/1/58 


Physical Review 
11/1/58 


Physical Review 
11/1/58 


Physical Review 
11/1/58 


Physical Review 
11/1/58 


Physical Review 
11/1/58 


Physical Review 
11/1/58 


Physical Review 
11/1/58 


Physical Review 
11/1/58 


Physical Review 
11/1/58 


Physical Review 
11/1/58 


Proc. of the 
LR.E. 11/1/58 


U.S. Gov’t Research 
Reports PB 133038-LC 
10/17/58 


U.S. Gov’t Research 
Reports PB 133417-LC 
10/17/58 


U.S. Gov’t Research 
Reports PB 133404-LC 
10/17/58 


U.S. Goy’t Research 
Reports PB 133418-LC 
10/17/58 


U.S. Gov’t Research 
Reports PB 133419-LC 
10/17/58 


CONDENSED SUMMARY 


These have been measured from 25 to 25,000 
gauss at 298°, 77°, and 4.2° K, with the field 
oriented parallel to the hexagonal axis. 


Analysis is made for graphite single crystals at 
4.2°K with the field parallel to the hexagonal axis. 


The magnetic field dependent data of Soule for 
the Hall Effect and magnetoresistance in graphite 
have been analyzed using a multicarrier model. 


Degenerate n-and p- type germanium samples were 
irradiated at 4.2°K with polonium alpha-particles. 
Results are described. 


The Hall Effect in ferromagnetic substances is 
computed on the basis of the transport theory 
of Kohn and Luttinger. 


A theory is presented for the dependence of the 
galvanomagnetic parameters on the surface poten- 
tial of a semiconductor. 


The absorption and reflection spectra of CdS have 
been determined in the temperature range 90° 
to 340°K by photoelectric measurements on single 
crystals using polarized light. 


The surface recombination velocity, S, of minority 
carriers for (100) faces of germanium crystals has 
been studied under various vacuum conditions. 


Below 4°K, C for pure rutile is proportional to T® 
with a Debye 6 equal to 758°K. Upon reduction a 
large additional contribution appears independent 
of T below 13°K. 


Magnetoresistance measurements made on 14 
single crystals conformed to the general phenome- 
nological weak-field theory. 


The structure of the conduction band of Ge is com- 
pletely taken into account in calculating the cross 
section in second-order Born approximation. 


When carriers recombine through traps the excess 
concentrations of mobile electrons and holes are 
not necessarily characterized by a single lifetime. 


The feasibility of displaying images according to 
electrical signals using an array of electrolumines- 
cent cells magnetically controlled has been demon- 
strated by a working model. 


Problems created by the application of transistors 
to telemetry are discussed and solutions explained. 


Reviews work during the period on the subjects 
mt in the 43rd report. Also includes solid state 
physics. 


Discusses work performed during quarter on var- 
os eats fields including transistor and diode 
studies. 


Reviews work during the period on the subjects 
treated in the previous report; also on other sub- 
jects including solid state physics. 


Reviews work during the period covered on var- 
ious electronics fields including transistor circuits. 


AUTHOR 


D. E. Soule 


D. E. Soule 


J. W. McClure 


G. W. Gobeli 


J. M. Luttinger 


J. N. Zeme 


D. Dutton 


H. Madden 
iE: 


H. 
igh Farnsworth 


P. H. Keesom 
N. Pearlman 


R. S. Allgaier 
R. Rosenberg 
M. Lax 

R.N. Zittner 


J. A. Rajchman 
G. R. Briggs 
A. W. Lo 


J. N. James 


B. Wiesner 
. G. Harvey 
J. Zimmerman 


Ve 
G 
igh. 
J. B. Wiesner 
G. G. Harvey 
H. J. Zimmerman 
J. B. Wiesner 
G. G. Harvey 
H. J. Zimmerman 


J. B. Wiesner 
G. G. Harvey 
H. J. Zimmerman 


SEMICONDUCTOR PRODUCTS e MAY 1959 


Title 


| of Transistors for Direct- 
}— Coupled Logic Circuits 


{! Maximum Operating 
| Junction Temperature 
+ and Reliability 


Industrial Preparedness 
Study on Surface-Barrier 
Transistors 


Industrial Preparedness 
Study on Transistors 


Temperature Stabiliza- 
tion of Transistor 
Amplifiers 


Industrial Prepared- 

ness Study, Diffused 
Semiconductor Devices— 
Device 7 


Transistorized Co- 
ordinate Data Set 


Industrial Preparedness 
Study, Transistor 
Manufacturing 


Industrial Prepared- 
ness Study on Surface- 
Alloy Silicon Tran- 
sistors 


Fundamentals of 
Junction Transistor 
Physics 


Industrial Prepared- 
ness Study on Device 1 


Upper Limits of Out- 
put Power in Vacuum 
Tube and Transistor 
A-C Amplifiers 


Transistor Regulators 
for 5-Ampere Currents 


Transistor Magnetic 
Amplifier Circuits 


Industrial Prepared- 
ness Study on Diffused 
Semiconductor Devices 


Basic and Applied 
Research on Semi- 
conductors 


Research on Solid 
State Diffusion in 
Semiconductor 
Materials 


Research and 
Development “Alpha- 
Greater-Than-One” 
Silicon Devices 


Investigation of 
Techniques for 
Production of High 
Ambient Silicon- 
Germanium Point 
Contact Switching 
Transistors 
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Condensed summary 


Many designers have turned to direct-coupled 
transistor circuits where simplicity, low component 
count and ruggedness prevail. 


Measurements were made of the variations of 
characteristics with temperature of Sores and 
silicon transistors. 


1—-Specifications; 2—Electrica! properties; 
3—Tests; 4—Design. 


Silicon Transistors: 1—Fabrication; 2—Manufac- 
turing equipment; 3—Design. 


Method of analysis of the thermal behavior of 
transistor amplifiers by introducing temperature 
incremental equations. Design formulas are de- 
rived. 


Device 7 objective specifications call for a 70 
Mcps i-f amplifier gain greater than 15 db at 
Ie = 1 ma, V. = -5.0 volts. 


The overall data transmission system philosophy 
is discussed and the theoretical and practical aspects 
of the transistorized design are presented. 


1—Transistors, Silicon-Design. 2—Transistors, Sil- 
icon-Fabrication. 3—Transistors, Silicon-Specifica- 
tions. 


1. Transistors, Silicon-Fabrication. 
2" Transistors, Silicon-Design. 


[no summary] 


Improvement on both n-p-n and p-n-p versions of 
germanium Device #1 is discussed. 


Procedure of design for maximum power output 
is given taking into account the current, voltage 
and power limitations of the unit. 


1. Transistors—Circuits—Design—Canada 2. Volt- 
age Regulators—Design—Canada 3. Order from 
Nat’l Research Council of Canada, Ottawa, Can- 
ada (25¢). 


Discussion of advantages and disadvantages of 
transistor and magnetic amplifiers. A combination 
of the two is discussed and analyzed. 


A feasibility study with regard to 4. 3 mc silicon 
amplifier device indicates requirements of large 
scale production could be met. Flow chart illus- 
trates fabrication in block diagram form. 


In Section A investigations of electric and magnetic 
properties of Ila group titanates are reported. In 
Section B investigations of the characteristics and 
equivalent circuits of thermistors are discussed. 


Silicon surface preparation and properties have 
been investigated in their relation to diffusion. 


Summarizes work done to develop a reproducible 
negative-resistance silicon two-terminal device. 


Studies made of crystal growing, material proces- 
sing, forming techniques and encapsulation prob- 
lems. 


Author 


Operation and Specification 


D. P. Masler 
J. Mandelhorn 


J. D. McCotter 
C. G. Thornton 


F. M. Dukat 
G. Freedman 


L. M. Vallese 


J. M. Early 
C. H. Knowles 


F. Hoffman 
D. Randice 
J. Stingelin 


C. Orman 


J. Roschen 
C. G. Thornton 


W. J. Poppelbaum 
A, E. Mohr 


L. M. Vallese 


J. K. Puefer _ 
D. W. R. McKinley 


N. Jasper 
J. Ge Taylor 
W. T. White 


R. Williams 
E. K. Weise 


T. J. La Chapele 


43 


PATENT REVIEW" 


Of Semiconductor Devices, Fabrication Techniques and Processes, 


and Circuits and Applications Nov. 30, 1954. to Sept. 6, 1955 


Compiled by SIDNEY MARSHALL 


i i is i i i levant to semiconductors from 
»stract: earing in this issue cover the inventions re 
Noe a 1954 ic Sept . 1955. In subsequent issues, Pin pox ee $e Figs ee ben 
ill b nted in a similar manner. After bringing these abstracts t fs : 
Pee appear every three months, the treatment given to each item being more detailed. 


November 30, 1954 

2,695,852 Fabricauon of Semiconductors for 
Signal Translating Devices—M. Sparks. 
Assignee: Bell Telephone Labora- 
tories. A fabricating method consisting 
of vapor depositing a material selected 
from a group consisting of acceptors and 
donors upon a body of semiconductive 
silicon or germanium in an inert atmos- 
phere while maintaining the temperature 
of the body above the melting point of 
the semiconductor-impurity eutectic. 


3,695,930 High Frequency Transistor Cir- 
cuit—R. L. Wallace. Assignee: Bell Tele- 
phone Laboratories. A junction device in 
which the junction is disposed in a plane 
normal to the longest dimension of the 
body of semiconductive material, said 
body having a recess therein whereby the 
conductive area of said junction is re- 
duced to a minor fraction of the area of 
a second zone of the device coplanar with 
the junction. 


2,695,979 Transistor Unit—A. M. Creigh- 
ton. Assignee: Motorola Inc. A transistor 
unit including a base block having a rec- 
tangular cavity and two metallic plates 
supported in said cavity, said plates being 
insulated from one another. 


December 7, 1954 

2,696,574 Transistor Unit—G. C. Rich. As- 
signee: Motorola Inc. A device consisting 
of a flat insulating base, a pair of rigid 
spaced metallic leads, a semiconductive 
device having a pair of inclined faces 
with an edge formed by the line of junc- 
ture, and means for supporting the semi- 
conductor. 


2,696,575 Transistor Unit—G. W. Fogg. As- 
signee: Motorola Inc. A unit including a 
base member, a pair of electrically con- 
ductive strips, a third conductive strip, 
and a block of semiconductive material 
in contact with the third strip and hay- 
ing an edge in point contact with each 
of the edges of the first-mentioned strips. 


December 14, 1954 

2,696,739 Temperature Responsive Semi- 
conductor Circuits—R. O. Endres. As- 
signee: Radio Corporation of America. 
A regenerative transistor circuit wherein 
changes of internal impedance of the 
semiconductor or changes of currents 
flowing through the device in response 
to ambient temperature changes are 
utilized to provide temperature indica- 
tion. 


* Source Official Gazette of the U. S. Patent 
Office, and Specifications and Drawings of 
Patents Issued by the U. S. Patent Office. 
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2,697,188 Selenium Rectifier—I. Goldman, 
W.B. Roberts. Assignee: Sylvania Electric 
Products Inc. A current rectifier com- 
prising a plurality of rectifier units super- 
imposed on the surface of a non-conduc- 
tive material having a corrugated cross 
section. 


2,697,189 Electrode For Semiconductor De- 
vices—J. P. Stelmak. Assignee: Radio 
Corporation of America. A pair of fila- 
mentary electrodes having one end se- 
cured to a supporting member, the other 
end in sharp point-contact with a semi- 
conductive body, said electrodes having 
a curved portion that provides a spring 
action when said supporting member is 
pressed towards the semiconductor. 


2,697,201 Adjustable Non-Linear Resist- 
ance—E. L. Harder. Assignee: Westing- 
house Electric Corporation. In an adjust- 
able impedance unit a first circuit com- 
prising in series, a rectifier and an ad- 
justable resistor and at least one addi- 
tional circuit shunting said resistor, said 
additional circuit comprising in series a 
rectifier, a source of voltage, and an ad- 
justable resistor. 


December 21, 1954 

2,697,268 Diode Fabricating Apparatus— 
R. C. Ingraham. Assignee: Sylvania Elec- 
tric Products Inc. Apparatus comprising 
a support, a chuck mounted thereon, 
means for clamping a fitting carrying a 
resilient whisker, means for supporting a 
tube for assembly with said fitting and 
means for adjusting the whisker prior to 
assembly of the tube. 


2,697,269 Method of Making Semiconduc- 
tor Translating Device—C. S. Fuller. As- 
signee: Bell Telephone Laboratories. A 
method of altering the electrical char- 
acteristics of a circuit element by polish- 
ing a portion of the surface of the semi- 
conductive body, coating a contact with 
a layer of significant impurity bearing 
compound, and causing a current to flow 
between the contact and the body. 


2,697,805 Point-Contact Rectifier—R. B. 
Collins Jr. Assignee: Sylvania Electric 
Products Inc. A hermetically sealed car- 
tridge type point-contact device. 


2,697,806 Glass Enclosed Electrical Trans- 
lator—P. KE. Gates. Assignee: Sylvania 
Electric Products Inc. A device compris- 
ing a semiconductive crystal, a resilient 
catwhisker in contact with said crystal, a 
vitreous envelope having a reentrant por- 
tion, and leads fuzed through said en- 


velope at opposite ends thereof and sepa- 
rately supporting said crystal. 


January 4, 1955 

2,698,918 Dry Disk Rectifier Assembled 
From Unperforated Rectifier Plates—J. H. 
Eisele, A. R. Geisseloder. Assignee: In- 
ternational Standard Electric Corporation. 
An assembly for mounting a stack of 
plates consisting of an enclosure, an as- 
sembly therein for providing aligned 
grooves into which the rectifier plates are 
fitted and secured. 


January 11, 1955 

2,699,521 Filament Bar Casing—S. Weiss. 
Assignee: None. A Casing for a filament 
bar of semiconductive material compris- 
ing a cup-shaped housing, a holder with 
a slot, the filament bar in said slot, and 
leads affixed to said holder. 


February 1, 1955 

2,701,281 Amplifier Employing Semicon- 
ductor—C. de Boismaison-White, K. A. 
Matthews. Assignee: International Stand- 
ard Electric Corporation. A semiconductor 
amplifier comprising among other items, 
a control electrode in contact with the 
surface of a semiconductive body, the con- 
trol electrode being spaced a distance 
from the collector and emitter, said dis- 
tance being such that the gain of the am- 
plifying device can be adjusted by vary- 
ing the current in the control electrode. 
2,701,302 Semiconductor Frequency Con- 
verter—R. J. Giacoletto. Assignee: Radio 
Corporation of America. A system com- 
prising a semiconductive body having an 
elongated portion, two low-resistance con- 
tacts therewith, two rectifying contacts 
therewith having a predetermined spacing 
from each other, means for applying an 
electric field between contacts 1 and 2 in 
order to cause charge carriers injected by 
contact 3 to travel towards contact 4,a 
modulated carrier wave source, and a 
local oscillator voltage source. 

2,701,309 Semiconductor Oscillation Gen- 
erator—H. L. Barney. Assignee: Bell Tele- 
phone Laboratories. An oscillation gener- 
ator comprising a transistor, a parallel- 
connected resistor-condenser combination 
Series connected between the base and a 
Junction point to promote low-frequency 
feedback of collector current to the emit- 
ter, and a second similar circuit to restrict 
intermediate frequencies. 

2,701,326 Semiconductor Translating De- 
vice—W. G. Pfann, H. C. Theuerer. As- 
Signee: Bell Telephone Laboratories. A 
device comprising a body of germanium 
having therein a synthetic grain boundary 
extending between opposite faces of said 
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body, and an ohmic connection to said 
body and contacting said boundary. 


February 15, 1955 

2,702,316 Signal Modulation System—A. W. 
Friend. Assignee: Radio Corporation of 
America. In a signal modulation system, 
a semiconductive body, means for estab- 
lishing an electric field along a prede- 
termined axis, means for impressing an 
input signal between the emitter and the 
base to provide a flow of charge carriers 
between the emitter and the collector, a 
second axis normal to the first, means for 
applying a varying magnetic field per- 
pendicular to the plane of axes 1 and 2 
in order to vary an output signal derived 
between the collector and the base. 


2,702,359 Rectifier Assembly and Spacer 
Member for Use Therein—C, A. Wood- 
ward. Assignee: United-Carr Fastener 
Corporation. A rectifier stack assembly 
utilizing a spacer between adjacent rec- 
tifier plates, said spacer comprising a 
base with a downwardly embossed portion 
therein in electrical contact with the rec- 
tifying side of an adjacent plate. 


2,702,360 Semiconductor Rectifier—L. J. 
Giacolleto. Assignee: Radio Corporation 
of America. A device comprising a stacked 
arrangement of semiconductive bodies 
having a p-type zone, an n-type zone and 
a p-n rectifying barrier, said bodies being 
separated by metal electrodes integrally 
bonded to the p-zone of each body on 
one side, and to the n-type portion on the 
other side. 


2,702,361 Semiconductor Rectifier or Am- 
plifier of Any Desired Surface Profile— 
K. Seiler, L. Fedotowski; Assignee: In- 
ternational Standard Electric Corporation. 
A device characterized by the presence 
in the surface thereof of grooves having 
ends which face each other and are spaced 
apart at a small distance, and pointed 
electrodes inserted in the grooves at the 
ends thereof. 


February 22, 1955 

2,702,838 Semiconductor Signal Translating 
Device—J. R. Haynes. Assignee: Bell Tele- 
phone Laboratories. A device comprising 
a body of silicon, means for injecting 
minority carriers, means for filling traps 
in said body with said carriers so that a 
sufficient number of carriers are inserted 
to afford an output pulse having a dura- 
tion not significantly exceeding the dura- 
tion of the input pulse. 


March 1, 1955 

2,703,368 Pulse Regeneration—L. R. Wrath- 
all. Assignee: Bell Telephone Labora- 
tories. A device designed to regenerate 
two-valued or binary pulses which have 
been transmitted by way of a channel 
which fails to pass currents of zero or 
low frequencies, i.e., by way of an a-c 
channel. 

2,703,388 Magnetic Cross Valve Circuits— 
H. J. McCreary. Assignee: Automatic 
Electric Laboratories. In a magnetic sys- 
tem, a saturable magnetic core structure, 
a source of varying direct current, a con- 
trol winding, a bridge rectifier, an a-c 
source, an anode winding, and an output 
circuit for providing amplification of an 
input signal in response to the variation 
of the reactance of said anode winding. 


March 8, 1955 

2,703,855 Unsymmetrical Conductor Ar- 
rangement—W. Koch, H. U. Harten. 
Assignee: Licentia Patent—Verwaltungs— 
G.m.b.H. (Germany). A semiconductor 
device arranged in such a way so that 
heat formed at the blocking layer of the 
semiconductive body is conducted away 


from the body at a rate of heat conduction 
greater than that in any other part of 
the body. 


2,703,856 Germanium Diode—S. J. Powers, 
W. F. Bonner. Assignee: International 
Telephone and Telegraph Company. A 
crystal contact device comprising a hous- 
ing in which are supported a semicon- 
ductive body, and an elongated conduc- 
tive contact member making contact with 
said body over a limited area. 


March 15, 1955 

2,704,332 Modified Bridge Rectifier Circuit 
—R. S. LaFleur. Assignee: Hughes Air- 
craft. Company. A rectifying circuit for 
providing two unidirectional output po- 
tentials of different magnitudes. 


2,704,340 Semiconductor Devices and their 
Manufacture—D. R. Baird. Assignee: 
Radio Corporation of America. A de- 
vice comprising a semiconductive body, 
at least two small area contact electrodes, 
an insulating spacer between said elec- 
trodes, support rods, a support plate 
having a plurality of openings adapted to 
receive said electrodes, spacer and sup-~ 
port rods. 


March 22, 1955 

2,704,792 Amplifier With Adjustable Peak 
Frequency Response—E. Eberhard, R. O. 
Endres. Assignee: Radio Corporation of 
America. A system having a device with 
a variable capacitive characteristic, an 
inductor connected between the base 
electrode and a junction point; the ca- 
pacitance of said device and the induct- 
ance of said inductor affording a circuit 
resonant at a predetermined signal fre- 
quency tunable by adjustment of a bias 
current. 


2,704,818 Asymmetrically Conductive De- 
vice—H. Q. North, Assignee: General 
Electric Company. A germanium diode 
for microwave use comprising a pellet of 
germanium containing about .2 atomic 
percent antimony, and a pointed wire 
whisker welded at the pointed end to the 
surface of said pellet. 


March 29, 1955 

2,705,287 Pulse Controlled Oscillator Sys- 
tems—A. W. Lo. Assignee: Radio Corpora- 
tion of America. A controllable oscillator 
circuit comprising a current multiplica- 
tion transistor, a resonant tank circuit, a 
rectifying device connected in parallel 
and poled oppositely to the base-emitter 
path, means for rendering the circuit 
alternately operative and inoperative, and 
signal output means coupled to the col- 
lector electrode. 


April 5, 1955 

2,705,767 P-N Junction Transistor—R. N. 
Hall. Assignee: General Electric Com- 
pany. A power transistor having major 
dimensions much greater than its thick- 
ness dimension, and having along its 
thickness dimension an n-p-n type con- 
struction. 

2,705,768 Semiconductor Signal Translating 
Devices and Methods of Fabrication—J. J. 
Kleimack, R. L. Trent Assignee: Bell 
Telephone Laboratories. A fabricating 
method which comprises bonding a metal- 
lic member to a semiconductive matrix, 
extracting from the matrix a semiconduc- 
tive body which adheres to the metallic 
member, and applying a contact to said 
extracted body. 


April 12, 1955 

2,706,222 Transistor Lockout Circuit—B. J. 
Bjornson. Assignee: Bell Telephone Labo- 
ratories. A lockout system comprising at 
least one transistor with a negative re- 
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sistance range and positive resistance 
components; and means for causing the 
time for the transient rise of current 
through said negative range to be greater 
than the severance time of a parallel se- 
lectable circuit. 


April 26, 1955 

2,107,251 Dry Contact Rectifier—W. S. 
Master. Assignee: International Telephone 
And Telegraph Company. A stacked recti- 
fier arrangement having rectifier plates 
with metal-jacketed hermetically-sealed 
asymmetrically conductive interfaces be- 
tween the base member and the counter- 
electrode. 


May 3, 1955 ? 
2,707,319 Semi-Conducting Device—M. 
Conrad. Assignee: Stromberg Carlson 
Company. A production method which 
comprises embedding a longitudinal con- 
ductor in a mass of insulating material to 
form an assembly; cleaving said assembly 
in two portions; selectively etching the 
cleaved surface of each portion so as to 
leave a conductor with a projecting end; 
depositing a semiconductive film there- 
on; depositing a second film over the first; 
and mechanically reassembling the fin- 
ished device. 

2,707,752 Transistor Multivibrator—R. T. 
Gabler. Assignee: North American Avia- 
tion Inc. A device designed to provide a 
multivibrator adapted to be bistable or 
monostable by simple substitution of cir- 
cuit component values, and a free running 
multivibrator. 

2,707,762 Transconductor Employing Line 
Type Field Controlled Semiconductor— 
O. M. Stuetzer. Assignee: None. A trans- 
conductive device comprising a semi- 
conductor, an output electrode structure 
having a plurality of parallel disposed 
contact elements making line contact with 
said semiconductor, a control electrode 
structure, means for electrically intercon- 
necting said contacting elements, and 
then connecting them to an external cir- 
cuit. 


May 10, 1955 

2,708,255 Minute Metallic Bodies—S. Y. 
White. Assignee: Private assignments. The 
device comprises a spherical germanium 
body not more than 2 mm. in diameter 
in a metallic holder, said body having 
physical and electrical properties char- 
acteristic of a body having been reduced 
from germanium dioxide. 


May 17, 1955 

2,708,646 Method of Making Germanium 
Alloy Semiconductors—H. Q. North. As- 
signee: Hughes Aircraft Company. A 
method involving the addition of an ac- 
ceptor impurity to a specimen of n-type 
germanium. 

2,708,720 Transistor Trigger Circuit—A. E. 
Anderson. Assignee: Bell Telephone 
Laboratories. A circuit comprising a 
current-multiplication transistor and a 
network providing regenerative current 
feedback from the collector to the emitter. 
2,708,739 Oscillator Frequency Control— 
T. T. Bucher. Assignee: Radio Corporation 
of America. A device designed to utilize 
two diodes connected in a manner de- 
signed to substantially reduce the pro- 
duction of even harmonics in the modular 
circuit, and using diodes as the variable 
impedance elements for frequency con- 
trol purposes. 


May 24, 1955 


2,709,232 Controllable Electrically Unsym- 
metrically Conductive Device—R. The- 
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dieck. Assignee: Licentia Patent—Ver- 
waltungs G.m.b.H. (Germany). A device 
consisting of a semiconductive body com- 
posed of an n-type and a p-type portion, 
two electrodes mounted on said body 
without blocking layers between the elec- 
trodes and the body, and containing two 
ring shaped electrodes. 


May 31, 1955 

2,709,780 Constant Voltage Semiconductor 
Devices—R. J. Kircher. Assignee: Bell 
Telephone Laboratories. A constant volt- 
age device comprising a body of semi- 
conductive material having a pair of 
opposed faces, said body having therein a 
zone of conductivity different from the 
bulk of said body, an ohmic base con- 
nection, collector and emitter connections, 
and means for maintaining the collector- 
base voltage substantially constant. 
2,709,787 Semiconductor Signal Translat- 
ing Device—R. J. Kircher. Assignee: Bell 
Telephone Laboratories. A device consist- 
ing of a transistor of n-p-n type construc- 
tion, an input circuit between the base 
and the emitter, an output circuit between 
the base and the collector, and means for 
establishing a bias current in the base 
zone in the direction transverse to the 
carrier path in said body between the 
emitter and collector zones. 


June 7, 1955 

2,710,253 Semiconducting Alloy—R. K. 
Willardson, H. L. Goering, A. E. Middle- 
ton. Assignee: The Battelle Development 
Corporation. A semiconducting material 
consisting of from 33.5% to 0.93% by 
weight of gallium, 1.44% to 17.65% by 
weight of aluminum, and the balance, 
antimony. 


June 14, 1955 

2,710,928 Magnetic Control For Scale of 
Two Devices—G. E. Whitney. Assignee: 
International Business Machines. The 
combination of a core of bistable magnetic 
material, triggering means for starting a 
change of state of said material, and 
regenerative means comprising a pair of 
semiconductor amplifiers for fortifying a 
change of state started by said triggering 
means. 


July 5, 1955 

2,712,619 Dry Disk Rectifier Assemblies— 
R. H. Zetwo. Assignee: Westinghouse Air 
Brake Company. A rectifier assembly 
comprising a cup-shaped member of in- 
sulating material having an opening in 
its bottom wall, a contact member of 
large heat dissipating area, a lead-in wire 
secured to the contact member, and a 
rectifying cell within the cup member. 
2,712,620 Blocking Layer Rectifier and 
Housing Therefor—A. F. Marlet. Assignee: 
International Standard Electric Corpora- 
tion. A blocking layer rectifier arrange- 
ment comprising a hermetically sealed 
box having a rectifier therein, said rec- 
tifier having a loosely arranged plate 
within the box, said box having a re- 
duced air pressure within causing the 
external pressure to force the sidewalls 
of the box inwards thus pressing the 
rectifier parts together. 

2,712,621 Germanium Pellets and Asym- 
metrically Conductive Devices Produced 
Therefrom—H. Q. North. Assignee: Gen- 
eral Electric Company. A point-contact 
rectifying device comprising a solidified 
droplet of n-type germanium having a 
diameter no greater than 0.050 inch, and 
a pair of electrodes in contact therewith. 
2,712,625 Motor Speed Regulation System 
Utilizing Nonlinear Impedance Devices— 
D. Blitz. Assignee: Raytheon Manufac- 
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turing Company. In a motor speed con- 
trol, the combination of a source of po- 
tential, an armature connected in series 
with an impedance across a_ potential 
source, a non-linear and a unidirectional 
conducting device having the property of 
conducting appreciable current only 
when a voltage above a minimum value is 
applied across it. 


July 12, 1955 

2,713,177 Heterodyne Converter—R. W. 
Haegele. Assignee: Sylvania Electric 
Products Incorporated. A device having 
a semiconductive translating element, an 
input signal circuit, a local oscillator cir- 
cuit, and an output circuit offering match- 
ing impedance to the modulation prod- 
ucts of the input signals. 


2,713,132 Electric Rectifying Devices Em- 
ploying Semiconductors—K. A. Matthews, 
R. A. Hyman. Assignee: International 
Standard Electric Corporation. A crystal 
rectifier composed of a semiconductive 
body of a given conductivity type, a low 
resistance contact electrode, a layer of 
opposite conductivity type on the surface 
of said body over part of said layer, 
another layer of the first conductivity 
type, and two electrodes spaced apart by 


a distance d =k VT where T is the cur- 
rent carrier lifetime and k is a constant. 


2,713,133 Germanium Diode and Method 
For The Fabrication Thereof—P. L. Os- 
tapkovich. Assignee: Philco Corporation. 
A germanium device containing 0.01 to 
0.04 per-cent by weight of bismuth and 
0.1 to 0.3 per-cent by weight of antimony. 


July 19, 1955 

2,713,644 Self-Powered Semiconductor De- 
vices—P. Rappaport. Assignee: Radio 
Corporation of America. A semiconduc- 
tive device having an electro-chemical 
power source in contact with a semicon- 
ductive body and including said body as 
one electrode element thereof. 


2,713,655 Selenium Rectifier—S. Grubman; 
Assignee: None. A metallic rectifier com- 
prising two metallic plates each having 
one side coated with a rectifying com- 
pound, said plates being stack mounted 
with one of said plates being corrugated. 


2,713,665 Transistor Modulator Circuits— 
G. Raisbeck, R. L. Wallace; Assignee: 
Bell Telephone Laboratories. Apparatus 
for modulating carrier waves by a signal, 
which comprises a transistor, means for 
biasing said transistor to or beyond col- 
lector voltage cut-off, and means for 
applying a modulating signal between 
base and collector electrodes. 


July 26, 1955 

2,714,182 Hall Effect Devices—W. H. Hewitt 
Jr. Assignee: Bell Telephone Laboratories. 
A Hall effect unit comprising a mono- 
crystalline body of semiconductive mate- 
rial having three mutually perpendicular 
axes, one crystallographic axis of said 
body being displaced from a first geo- 
metric axis about a second geometric axis 
by a multiple of 45 degrees. 


2,714,183 Semiconductor p-n Junction 
Units and Method of Making the Same— 
R. N. Hall, W. E. Burch. Assignee: Gen- 
eral Electric Company. A p-n junction 
device comprisig a semiconductor body 
of one conductivity type having a bore 
therein containing an activator element 
of the opposite conductivity type fused 
therein to form a rectifying junction with 
said body. 


August 2, 1955 : 
2,714,566 Method of Treating a Germanium 
Junction Rectifier—L. E. Barton, R. L. 
Sherwood. Assignee: Radio Corporation of 
America. A treatment to introduce a 
layer of opposite conductivity type which 
consists of electrolytically etching a 
germanium surface in a solution of not 
more than 1499 per-cent electrolyte solute, 
free from n-type and p-type impurities, 
in distilled water. 


2,714,694 Rectifier Stack—H. Drubig, J. 
Eisele, G. Strattner, G. Parow. Assignee: 
International Standard Electric Corpora- 
tion. A rectifier stack comprising a plu- 
rality of imperforate rectifying plates, a 
pair of frame members arranged over 
opposite ends of the plates, said frames 
having slots therein at the ends thereof, 
and means of securing said terminal plates 
in said slots. 


2,714,702 Circuits Including Semiconductor 
Device—W. Shockley. Assignee: Bell Tele- 
phone Laboratories. In combination, a 
p-n junction which for applied reverse 
voltages greater than a critical reverse 
voltage, is characterized by a constant 
voltage region, a source of variable volt- 
age greater than said critical voltage, and 
means for limiting current flow through 
the device in said constant voltage regions. 


August 16, 1955 

2,715,657 Electrical Information System— 
F. T. Andrews Jr. Assignee: Bell Tele- 
phone Laboratories. An electrical system 
for scanning a plurality of lines each 
comprising a pair of wires and transmit- 
ting information indicating the condition 
of the lines to a central office remote from 
said lines. 


2,715,718 Voltage-Selection and Compari- 
son System and Method—M. C. Holtje. 
Assignee: General Radio Company. A sys- 
tem having at least one arm which 
contains a non-linear device, means for 
applying a voltage to the bridge input to 
vary the impedance of the non-linear de- 
vice, and differential amplifying means 
interconnecting the input and output of 
the bridge to provide a pair of opposite- 
polarity feedback loops. 


August 30, 1955 

2,716,722 Temperature Stable Solid State 
Electronic Devices—J. Rothstein. As- 
signee: None. A device comprising a 
rigid container, a semiconductive body 
therein, electrodes in contact with said 
body, a substance within the container 
having a high coefficient of expansion, 
and a_ pressure transmitting medium 
whereby a temperature-induced rise in 
pressure due to the expansion of said 
substance is transmitted to said semicon- 
ductor by said medium. 


2,716,729 Transistor Circuits With Constant 
Output Current—W. Shockley. Assignee: 
Bell Telephone Laboratories. In combina- 
tion: a junction transistor, a p-n diode, 
and means for biasing the diode in a cur- 
rent range where the voltage across said 
diode is independent of the current flow- 
ing therethrough. 


September 6, 1955 

2,717,341 Asymmetrically Conductive De- 
vice—H. Q. North. Assignee: General 
Electric Company. A device comprising a 
semiconductive body, two filamentary 
electrodes making point contact with said 
body, a low resistance contact electrode, 
and an insulating layer covering all but 
the tips of said filamentary electrodes. 
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Semiconductor Preforms 

High purity precision preforms, includ- 
ing discs, spheres, washers, and pellets 
used in making alloy junctions in silicon 
and germanium semiconductor devices are 
now available in a wide variety of alloys 
from Accurate Specialties. Specially de- 
signed to make readings of plus-or-minus 
1/28,000 of an inch possible. Final pack- 
aging of preforms with oxidizable ele- 
ments is accomplished in sealed argon or 
other suitable atmospheres to assure con- 
sistent junction contacts. Available in 
alloys such as lead-antimony, indium- 
lead, gold-gallium, aluminum-gallium, 
and tin-antimony. 


Circle 129 on Reader Service Card 


Tiny Tantalum Capacitors 


General Instrument Corp. has an- 
nounced development of production 
models, new techniques and equipment 
for mass producing tiny high reliability 
solid tantalum capacitors, with substan- 
tially Jower power factors and lower 
leakage, designed for microminiaturiza- 
tion of missiles gear, communications 
equipment and other military, industrial 
and commercial electronic systems. The 
device is a miniature (three one- 
thousandths cubic inch) electronic storage 
cell whose core is a metallic sponge of 
tantalum. They operate at humidity and 
temperature extremes; are hermetically 
sealed in a metal case and are invulner- 
able to shock and vibration. 
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PRECISION WAFERING 
MACHINES 


Models for all jobs requiring very thin 
slicing of semi-conductor and other diffi- 
cult-to-cut materials. 


Micro-Matic Machines are used by 


Audio Devices, Inc. 

Bell Telephone Laboratories, Inc. 
C.B.$.—Hytron 

Clevite Transistor Products, Inc. 


Federal Telecommunications 
Laboratories 


General Electric Co. 

International Business Machines Corp. 

Radio Receptor Co., Inc. 

%* Sperry-Rand Semi-Conductor Facilities 

* Texas Instruments, Inc.— 
Semi-Conductor Components Div. 

* Tung-Sol Electric, Inc. 

and many other leading firms 


Model WMA 


Fully automatic, produces 
wafers consistent in thick- 
ness and parallelism to 
within .0005‘' total 
variation. 


+ + + + + + HH 


Write for illustrated brochure 


MICROMECH MANUFACTURING CORP. 


A Division of Sanford Manufacturing Corp. 


1020 COMMERCE AVE., UNION, N.J. 
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below maxamum (Jetec Outline TO-9) 


operating temperatures 
with these new 
Birtcher Transistor 
Radiators. Provides the 
transistor with its 

own heat sink anda 
greatly increased 
radiating surface. Easy 
to install in new or 
existing equipment. 
Modifications to fit 
hundreds of popularly 
used transistors. 


with NEW 
BIRTCHER 


TRANSISTOR 
RADIATORS 


BIRTCHER COOLING AND RETENTION DE- 
VICES ARE NOT SOLD THROUGH DISTRIBU. 
TORS. THEY ARE AVAILABLE ONLY FROM 
THE BIRTCHER CORPORATION AND THEIR 


FOR CATALOG SALES REPRESENTATIVES, 


ee THE BIRTCHER CORPORATION 
write: industrial division 


4371 Valley Blvd. Los Angeles 32, California 


Sales engineering representatives in principal cities. 
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Diffused Silicon Rectifiers 


Availability of a complete line of heavy- - 


duty diffused silicon stud-mounted rec- - 


tifiers was announced recently by Texas 
Instruments. The new TI rectifiers are 


3 


rated at 50 and 30 amps at a stud tempera- - 


ture of 150°C. They feature recurrent 
peak inverse voltages of 50 through 600 
volts in both the 50-amp and 30-amp 
series. Operating range for the devices is 
—65 to +200°C. The stud configuration 


of the case permits easy mounting of the | 


unit to chassis or heat sink. 
Circle 135 on Reader Service Card 


Miniature Quartz Sealcaps 


JFD precision Miniature Quartz Seal- 
caps seal out moisture, seal in reliability 
and accuracy, regardless of atmosphere. 
These new variable trimmer piston capac- 
itors combine the unique characteristics 
of Sealeap construction and miniature 
quartz capacitor design. Each is filled 
with dry nitrogen under pressure and 
then sealed to maintain the compression, 
prevent corona and voltage breakdown at 
high altitude. Linear tuning with fine 
resolution is assured without breaking of 
seal. Available unpotted or encapsulated 
in epoxy resin for higher dielectric 
strength. Request Bulletins 215 and 207A. 

Circle 128 on Reader Service Card 
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Germanium Power Transistors 


Texas Instruments has introduced a 
complete new line of 10 to 25-amp germa- 
nium P-N-P alloy power transistors 
which is uniquely integrated to permit 
selection of specialized devices for specific 
jobs. Featuring high collector currents 
and voltages, plus a new low R,, of 0.05 
ohms maximum at maximum rated col- 
lector current, the units provide a dissi- 
pation of 80 watts at 25 degrees C. The 
new line of TI power transistors will be 
furnished in the standard welded dia- 
mond-shaped package. 


Circle 127 on Reader Service Card 
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¢ Garage Door Control System Subminiature Circuit Breaker 

» A fully transistorized radio controlled A subminiature_ electrical circuit 
i; garage door operator has been announced breaker that is vacuum sealed in a glass 
‘by Delco Radio Division of General envelope about the length of a common 
«Motors. The transmitter is car-mounted. pin has been developed by Sylvania 


,) Two units are used in the garage to re- 


jceive the signals from the transmitter in 
;the car. Works in an unused and un- 


:restricted radio frequency band and is 


, designed to reject phantom signals. The 


transmitter uses two transistors, a low 


* power audio type as an oscillator, and a 
/ power transistor as a power amplifier to 
' drive a ferrite rod tuned antenna. The 
? control receiver uses five transistors, two 


j 
: 
; 


) crystal diodes, and a semiconductor rec- 


tifier. The single tuned antenna is a 
ferrite rod design with coils positioned 
on the rod to resonate with a fixed ca- 
pacitor at the desired channel. Operating 


' a total of 8760 hours a year, power con- 


sumption of the receiver is less than an 
electric clock. 


Circle 165 on Reader Service Card 


Ultrasonic Liquid Level Switch 
A miniature, glass-aluminum sensing 


Lighting Products, a division of Sylvania 
Electric Products Inc. Called the “Mite T 
Breaker,” the tiny device is controlled by 
time and temperature. Only 1% inches 
long and % inches in diameter. Provides 
circuit protection by interrupting current 
flow when excessive current or external 
heating occurs. As temperature decreases 
or the overload is removed, the current 
path is automatically re-set. 
Circle 130 on Reader Service Card 


Power Transistor Line 

Delco Radio Division announced three 
new transistors, 2N1172, 2N1159, and 2N- 
1160, offering a complete line of power 
transistors available from one manufac- 
turer. In the 10 to 15 ampere range are 
the 2N174 and 2N1100, improved with ger- 
manium wafer material, especially for- 
mulated for switching applications. 2N278 


COLUMBUS 
ELECTRONICS 
CORP. 


DOUBLE 
DIFFUSED 
SILICON 
RECTIFIERS 


: element for use with low boiling point is formulated especially for low distortion ‘A AXIAL LEAD STUD 

» fluids has been developed by Acoustica linear applications. The 2N392 series is for TOP HAT INSULATED 
q Associates. The new sensor 1S designed low distortion linear and audio applica- 

' for use with an external miniaturized tions. 2N1159 and 2N1160 are formulated 


control unit, which, in combination, form 
a liquid level switching system. The units 
in the system are small, lightweight and 
hermetically sealed, and operate over a 
wide range of shock, vibration, tempera- 
ture and altitude. Response time is 25 
milliseconds maximum. Functions well 
in cryogenic and most other fluids at 
temperatures up to 160°F. The probe 
itself is only 2 inches long, 34-inch in 
diameter and weighs only one ounce. It 
is designed to operate over the tempera- 
ture range from —320°F to +160°F and 
power requirement is only 2 milliwatts 
(0.002 watts). 
Circle 160 on Reader Service Card 


Silicon Rectifiers 

Magnetic amplifier and high voltage 
type silicon rectifiers produced by the 
double diffusion process have been re- 
leased by Columbus Electronics. In her- 
metically sealed, axial lead, top hat de- 
sign, features of the magnetic amplifier 
types include extremely low leakage and 
low forward drop for use in circuits 
where extremely low reverse currents are 
of prime consideration. The high voltage 
types are also hermetically sealed and are 
available in the axial lead, top hat design 
for high voltage power supplies, high 
voltage blocking applications and clip- 
ping circuits. 

Circle 132 on Reader Service Card 


especially for switching. The 2N553 series 
is in the two to three ampere range. The 
one-half to one ampere is the 2N1172, the 
new small but husky germanium tran- 
sistor which can serve as a driver unit 
or for medium power audio output. 
Circle 126 on Reader Service Card 
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Silicon Switch 

A higher power 4-layer diode designated 
as Type AD has been announced by the 
Shockley Transistor Corp. This new self- 
actuated silicon switch is similar in func- 
tion to a relay or gas tube. It is turned 
on by a voltage pulse, turned off by 
dropping the current or reversing the 
voltage. To match circuit requirements, 
it is available with switching voltages of 
30, 40, 50 and 200 volts and holding cur- 
rents of 5 to 45 ma. Capable of handling 
300 ma steady d.c. or a 20-ampere pulse 
current. 

Circle 140 on Reader Service Card 
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Now . .°. an extensive line of high 
performance, hermetically sealed, sili- 
con power rectifiers UP 10 35 AMPS. 
JEDEC types exceeding MIL specifica- 


fions. NEW 


SINGLE unit VERY HIGH VOLTAGE silicon 
rectifiers exhibiting these desirable 
characteristics... 


HIGH LOW 
VOLTAGE FORWARD DROP 
up to 2000 PIV 1.5 Volts, DC 


EXTREMELY 
LOW LEAKAGE 
1 KA 


FORWARD 
CURRENT 
up to 20Amps. 


NEW 


INSULATED STUD silicon rectifiers 
offering these quality features... 
¢ Simplify mounting 
¢ Saves assembly parts & costs 
¢ Obtain efficient heat transfer 
¢ Give greater design flexibility 
AVAILABLE UP TO 10 AMPS PER UNIT AND 
UP TO 2000 VOLTS PIV. 


WRITE FOR FULL DETAILS 


COLUMBUS ELECTRONICS CORP. 
1010 SAW MILL RIVER RD., YONKERS, N. Y. 
YOnkers 8-1221 © TWX-Yonkers, NY-1369 
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Lepel 


HIGH FREQUENCY 
INDUCTION 


HEATING 
UNITS 


The Lepel line of induction 
heating equipment represents the 
most advanced thought in the field of 
electronics as well as the most practical and 
efficient source of heat yet developed for numerous 
industrial applications. : ripe 
If you are interested in induction heating you are invited 
to send samples of the work with specifications. Our 
engineers will process and return the completed job with full 
data and recommendations without any cost or obligations. 


FLOATING ZONE FIXTURE FOR METAL REFINING 
AND CRYSTAL GROWING 


A new floating zone fixture for the production of 
ultra-high purity metals and semi-conductor materials. 
Purification or crystal growing is achieved by travers- 
ing a narrow molten zone along the length of the 
process bar while it is being supported vertically in 
vacuum or inert gas. Designed primarily for production 
purposes, Model HCP also provides great flexibility for 
laboratory studies. 


Pealures 


@ A smooth, positive me- 
chanical drive system 
with continuously varia- 
ble up, down and rota- 
tional speeds, all inde- 
pendently controlled. 

® An arrangement to rap- 
idly center the process 
bar within a_ straight 
walled quartz tube sup- 
ported between gas- 
tight, water-cooled end 
plates. Placement of the 
quartz tube is rather 
simple and adapters can 
be used to accomodate 
larger diameter tubes 
for larger process bars. 

@ Continuous water cool- 
ing for the outside of 
the quartz tube during 
operation. 

@ Assembly and dis-as- 
semby of this system in- 
cluding scareval of the Model HCP 
completed process bar is 

simple and rapid. 


Electronic Tube Generators from 1 kw to 100 kw. 
Spark Gap Converters from 2 kw to 30 kw. 


WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated pages 
packed with valuable information. , 


All Lepel equipment is cer- 
tified to comply with the 
requirements of the Feder- 
al Communications Com- 
mission, 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N. Y. 
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Industry News 


The Following June 1959 IRE and Jointly Sponsored 
Meetings Are Scheduled: 


June 1-3 PGMTT National Symposium, Harvard Uni- 
versity, Cambridge, Mass. For Information: 
Dr. Henry J. Riblet, 92 Broad Street, Wel- 
lesley, Mass. 


June 4-5 8rd National Conference on Production 
Techniques, Villa Hotel, San Mateo, Cal. For 
Information: Emmet G. Cameron, Varian 
Associates, Palo Alto, Calif. 


June 15-20 Symposium on Electromagnetic Theory, 
University of Toronto, Toronto, Ontario, 
Canada. For Information: Same. 


June 15-20 International Conference on Information 

(Exhibits— Processing, UNESCO House, Paris, France 

June 13-22) & Palais de Exhibition. For Information: 
A. S. Householder, Oak Ridge Nat’l Lab., 
Oak Ridge, Tenn. 


June 16-18 International Symposium on Circuit & In- 
formation Theory, University of California, 
Los Angeles, Cal. For Information: Dr. G. L. 
Turin, Hughes Aircraft Co., Culver City, Cal. 


June 24-28 International Conference on Medical Elec- 
tronics, UNESCO House, Paris, France. For 
Information: Same. 


June 29 & 3rd National Convention on Military Elec- 

30; July 1 tronics, Sheraton Park Hotel, Washington, 
D. C. For Information: L. R. Everingham, 
Radiation, Inc., Orlando, Florida. 


Factory sales of transistors declined in January over 
December, the Electronic Industries Association an- 
nounced recently. Factory sales of transistors in January 
declined to 5,195,317 units valued at $13,626,886 from the 
9,627,700 transistors sold in December valued at $16,595, - 


616. Sales of transistors in January 1958 totaled 2,955,247, 
EIA reported. 


Silicon power transistor prices have been cut by the 
Westinghouse Electric Corporation up to 30 percent, D. 
W. Gunther, manager of the company’s semiconductor 
department, has announced. The price cut, effective 
March 16, will increase the range of applications for 2- 
and 5-ampere silicon power transistors, first announced by 
Westinghouse last March. Increased production capabili- 
ties, and improved methods for producing ultrapure sili- 
con used in the devices made the price cut possible, 
Mr. Gunther added. The units involved (Types WX1015 
and WX1016) are ideally suited for use in inverters or 
converters, regulated power supplies, aircraft circuits, 
amplifiers and in general industrial switching applications. 
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General Electric Company announced that it has re- 
duced prices on its two (16 amp and 10 amp) lines of 
silicon controlled rectifiers. The new prices range from 
six to forty-four percent lower than previous prices. Both 


- lines have voltage ratings from 25 thru 300-volts. W.. H. 


Hall, manager of marketing for the rectifier product sec- 
tion of General Electric’s Semiconductor Products De- 
partment, who made the announcement, said the lower 
prices were made possible by increased production and 
improved yields from the manufacturing process. He cited 
new mechanized production equipment recently placed in 
operation as a major contributing factor. 


Scientists from Britain and Continental Europe this 
year will play their greatest role in the 14-year history 
of the Annual Conference and Exhibit of the Instrument 
Society of America to be held in Chicago Sept. 21-25. 
Preliminary arrangements already have been made for 
participation by at least five authorities from the eastern 
side of the Atlantic. Dr. C. J. D. M. Verhagen of Delft, 
The Netherlands, is scheduled to make a keynote address 
broadly surveying major instrumentation developments 
overseas during 1959. Highlights will include: At least 
seven major program events emphasizing the use of com- 
puters; The equivalent of one-half days of sessions on 
photo instrumentation; Management’s interest in instru- 
mentation as a route to new levels of process efficiency 
will be stressed both in conference papers and new equip- 
ment displays; Action to help alleviate the shortage of 
instrument men and other technicians. 


Thirteen leading scientists have been appointed to the 
advisory committee for the International Symposium on 
High Temperature Technology to be held at Asilomar, 
California, from October 6 to 9, 1959. The meeting, ar- 
ranged by Stanford Research Institute, will cover latest 
developments in techniques and processes for attaining 
high temperatures, and in high-temperature materials. 
About 600 scientists and industrialists from the U.S. and 
abroad are expected to attend, according to Dr. Nevin K. 
Hiester, manager of SRI’s chemical engineering section 
and chairman of the meeting. Among those attending will 
be specialists in ceramics, metallurgy, chemistry, aero- 
dynamics, engineering and nuclear physics. 


A striking improvement in the floating zone refining 
technique, substantially increasing the volume of material 
which can be purified, was described to the American 
Physical Society by W. G. Pfann, K. E. Benson, and D. W. 
Hagelbarger of Bell Telephone Laboratories. The floating 
zone technique has proven highly valuable in producing 
extreme purity in reactive metals and semiconductors, 
because the molten material is never in contact with a 
container. However, it has been limited until now to use 
with small amounts of material. The primary limitation 
on the conventional method is the fact that for any given 
material, there is a maximum height of molten zone which 
can be supported by the surface tension. The new method 
gets around this difficulty by using specially shaped cross 
sections, such as flat plates and tubes. These shapes pro- 
vide a cross section small in thickness to permit melting 
through without exceeding the maximum height, and 
large in width to increase the total cross-sectional area 
treated. 


Outstanding progress in a completely new concept in 
shrinking electronic equipment and products, which has 
already produced radios as small as sugar lumps and 
promises a tenfold reduction in size and weight of many 
vital military devices, was announced by the Department 
of the Army. Working models showing this concept were 
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MAMMOTH Narda SonBLAsTEr 


America’s first mass-produced 
industrial-size ultrasonic cleaner! 


SA VE 7 ways over costly solvent, 


alkaline or vapor degreasing: 


® Clean faster, speed production! © Cut rejects, eliminate 
bottlenecks! @ Save on chemicals & solvents! © Eliminate 
expensive installation! ¢ Cut maintenance and downtime! 
© Save on floor space! e Release labor for other work! 


MAMMOTH 
5-GALLON 
TANK 


695 


2-year guarantee on all units. 


SPECIFICATIONS 
Interior Tank size (in.), 1OW x 14L x 9¥2H. Tank Capacity, 5 gallons. 


G-1501 generator, NT-1505 tank. 
Other models from $175. 


Submersible Transducers 
Model NT-604 — Hermetically sealed heli-arc welded stainless steel 
case. Radiating face: 27 sq. in. Effective plane of radiation: 40 to 50 
sq. in. (approx. 10” x 5”). Effective cavitation of volumes: up to 1200 
cu. in. at 24” tank height (5 gal.) and 2400 cu. in. at 48” tank height 
(10 gal.). Swagelok tube fitting on side or end for internal tank wiring. 


Model NT-605 — Same as NT-604 except for bulkhead fitting on back 
for external wiring. Eliminates electrical conduits in solutions. 


Now you can say goodbye to expensive chemicals, solvents, and 
degreasing equipment... reclaim valuable floor space... eliminate 
high installation costs...just by installing a Narda Series 1500 
SonBlaster. At the same time, you'll get better, faster cleaning, 
and you’ll need fewer people to do the job! 


Get the tremendous activity of the new 200-watt Narda SonBlaster, 
with the largest transducerized tank ever made, at the lowest price 
in the industry! Choose from transducerized tanks or submersible 
transducers for use in any arrangement in any shape tank you desire. 
Up to 4 submersible transducers can be easily operated from the 
same generator at one time; load selector switch provided — an exclu- 
sive Narda feature. 


Simply plug the SonBlaster into any 110-115 V AC line, and flip the 
switch. In seconds, you’ll clean ’most any mechanical, optical, electri- 
cal, medical or horological part or assembly you can think of. Perfect, 
too, for brightening, polishing, radioactive decontaminating, pickling, 
quenching and plating; emulsifying, mixing, sterilizing, impregnat- 
ing, degassing, and other chemical process applications. 


Mail the coupon for free help in determining the model that’s best 
for you. 


The Narda Ultrasonics Corporation 
118-160 Herricks Road 

Mineola, L. |l., New York 
Department SP-6 


The SonBlaster catalog | 
line of ultrasonic cleaning | 
equipment ranges from 35 
watts to 2.5 KW, and | 
includes transducerized | 
tanks as well as immersi- 
ble transducers. If ultra- | . 
sonics can be applied to | {J Series 1500 SonBlasters 
I 
| 
I 
I 
I 
l 


] 

| 

Gentlemen: : 

| 

help improve your process, [] The complete Narda line 
| 

| 

| 

l 

] 


Please send me more information 
about 


Narda will recommend the 
finest, most dependable 
equipment available — and 
at the lowest price in the 
industry! 


Name 


Organization. 


Address. 
City. 
Zone___Stat 


. Itrasoni 
eel aaron: 


625 MAIN STREET, WESTBURY, L.1., N.Y, 
Subsidiary of The Narda Microwave Corporation 
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Measures water 
content better than 


1 part per 
1,000,000! 


Useful 6 
Applications: 


MODEL W ELECTROLYTIC 
MOISTURE ANALYZER 


e Monitoring air drying equipment. 
e Determining moisture content of dry boxes. 


e Continuous or batch analysis of moisture in a wide 
variety of gas streams—including instrument and 
process streams and inert atmospheres. 


Available in explosion-proof and 
non-explosion-proof constructions 


Write for complete information 


MANUFACTURERS ENGINEERING 
& EQUIPMENT CORP. 


10 Sunset Lane e Hatboro, Pa. 
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Colibrated 
Potentiometer 


pPrerse SEMICONDUCTOR RESISTIVITY TEST 

The “FOUR-POINT-PROBE” method — an 
exclusive feature of the BAIRD-ATOMIC 
Semiconductor Resistivity Test Set, Model JN 
— for precise resistivity (0.1 to 100 ohm- 


centimeters) tests, 
measure germanium 
Accuracy + 5% 
Extremely simple to operate. A reliable test 
set for both production quality control and 
R&D. The “FOUR-POINT-PROBE” can be 
adapted for silicon measurement as well. 

For complete information, ask for 

Tech Bul. TP-104 


especially designed to 
samples. Measurement 


Baird-Atomic, Inc. 


33 UNIVERSITY RD, CAMBRIOGE 38 MASS ; 


Irnstuunentation far Refter Prealysis 
Circle No. 27 on Reader Service Card 
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unveiled recently by the U. S. Army and RCA, the prime 
contractor. The vast range of jobs done by transistors and 
other electronic parts is being compressed into tiny 
micro-modules, circuit building blocks measuring only a 
third of an inch on each side. A cubic inch will hold 27 of 
these modules. Some 60 other firms are presently cooper- 
ating with RCA by providing materials and components. 
Further progress of the program is expected eventually 
to bring in a large part of the electronics industry as 
equipment makers or element and module suppliers. 


A new market research service for manufacturers who 
sell through electronic parts and sound distributors was 
announced by J. A. Milling, chairman of EIA’s Distributor 
Relations Committee. The new service is contained in a 
booklet called Buying Index of Distributors, (BID.) This 
service enables any electronic parts manufacturer to 
determine whether he is getting his proper share of the 
market in each county of the United States. It is a 
source of market data provided on a current and con- 
tinuing basis. The BID booklet furnishes a semi-annual 
barometer, by country, showing: overall sales indices; 
sales indices by product, and marketing indices by class 
of business. Companies need not be members of EIA in 
order to either participate in the service or to obtain 
copies of the booklet describing BID. The booklet is 
available to interested manufacturers from William F. E. 
Long, Manager, EIA Marketing Data Department, 1721 
DeSales St., N.W., Washington 6, D.C. 


Engineers at International Telephone and Telegraph 
Laboratories, Nutley, N.J. disclosed that a recently de- 
veloped version of an electronic device called a para- 
metric amplifier added more than 150,000 miles to the 
range of missile-tracking equipment at Redstone Arsenal 
during the space probe flight of Pioneer IV. Attached 
to the circuitry of a 14-foot dish antenna at the Hunts- 
ville, Alabama, rocket base, the amplifier enabled Army 
Ballistic Missile Agency crews there, to conduct experi- 
mental trackings. The Redstone equipment, without aid 
of the parametric amplifier, was unable to pick up the 
Pioneer “beep” at 50,000 miles. With the amplifier, the 
space probe was tracked for 37 hours to a distance of 
215,000 miles when the tracking test was discontinued. 
Part of the device is a tiny diffused silicon diode which 
is inserted in the receiving circuit to produce a 90% 
reduction in interference resulting from static electricity 
and heat forces. 


Mallory-Sharon Metals Corporation, Niles, Ohio, has 
announced that it will expand its vacuum annealing 
facilities for special metals by adding a new furnace in its 
Wrought Products Division at the Niles Plant. The new 
furnace is expected to be in operation by late 1959. Com- 
pany officials said the move is being made to meet the 
increasing demands for product quality in metals for the 
missile and nuclear age. Vacuum annealing reduces the 
hydrogen content in titanium and zirconium, which im- 
proves the mechanical properties of these metals. Equip- 
ped to operate at temperatures up to 1950°F. the new 
furnace will be used to anneal special structural shapes 
as well as the more conventional mill shapes. 


Construction of a $1.5 million Los Angeles plant, 
doubling its semiconductor production capacity, was an- 
nounced. recently by Hoffman Electronics Corporation. 
Completion is scheduled for Sept. 1, 1959. 


Three years of continually improving safety records 
culminating in an accident-free year during 1958 won 
special honors for Raytheon Manufacturing Company’s 
Semiconductor Division when the Massachusetts Safety 
Council presented its annual awards in Boston recently. 
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New Products 
' (rom page 49) 


Environmental Oven 
Model RD oven was specifically de- 


' signed by Gruenberg Electric Company 


to carry out electrical and resistance tests 


‘of electronic components more conven- 
-iently under heated conditions. Remov- 


able doors equipped with alligator clips 
mounted on feed through insulators en- 


' ables components to be clipped on the 
‘inside of the door. The loaded door is 
_ placed in the oven for heating and tests 
are made by connection of meters etc. to 
' the studs running from inside to outside. 


The need for individual leads passing 
through a penetration in the oven is 
eliminated. Large components can be ac- 


’ commodated by varying the door design 


to provide a further support for heavier 
and bulkier equipment such as coils or 
transformers. 
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Diffused Junction Silicon Rectifiers 


Motorola offers a wide variety of dif- 
fused junction silicon rectifiers in in- 
dustry standard Top Hat and Stud 
Mounted welded packages. All units have 
very low back currents at high tempera- 
tures. Exceptionally high surge current 
handling capacity and excellent stability 
are other features. Stud mounted types 
are 1N1115 thru 1N1120 and 1N253 thru 
1N256. The Top Hat rectifiers are types 
1N536 thru 1N540, 1N1095, 1N1096, and 
1N547. 
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High Temperature Ceramic 


Grade HT-2-M, a hi temperature heat 
shock resistant ceramic suitable to 2200 
deg. F. which can be readily machined 
by the user with no further firing re- 
quired, is available as rods, discs and 
custom shapes, it was announced by 
Duramic Products. Available in diameters 
from %.” to 214” and in lengths to 
1.00”. Has a low thermal expansion rate 
permitting the material to withstand 
rapid temperature changes without crack- 
ing or spalling. Can be easily machined 
on conventional machine shop equipment 
using carbide tipped tools. 


Circle 163 on Reader Service Card 


Zone-Refined Silicon 

Sylvania announced the availability of 
an uncompensated silicon in three semi- 
conductor grades. A new zone-refining 
process produces silicon in which all im- 
purities, except minute quantities of 
boron, have been removed. Grades are 
classified according to maximum boron 
content. Type 43 contains less than 2.8 
parts per billion boron, Type 42—5.6 PPB, 
and Type 41—11.2 PPB. The boron con- 
tent is calculated from the minimum 
resistivity measured on a single crystal 
grown in vacuum by the floating-zone 
technique. The resistivity measurements 
are made by a two-point probe at 27 
degrees C. 
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Current-Sensitive Switch 


Thermocal, Inc. recently announced 
their Pyristor Switch, a single shot 
current-sensitive switch designed for 
circuitry testing purposes, bypassing 
squibs, protective devices against surge 
currents, and applicable in  current- 
operated triggering devices. Pyristors are 
hermetically sealed and available in nor- 
mally opened and normally closed, single- 
pole types. 
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Silicon Controlled Rectifiers 


Atomic submarines, guided missiles, jet 
planes and TV theater lighting panels are 
expected to be among the first applica- 
tions for Generali Electric’s new high cur- 
rent silicon controlled rectifiers. 

The unit acts like a rectifier by chang- 
ing alternating current to direct current 
and like a transistor in controlling the 
amount of current fed into a circuit. The 
50-ampere rectifier measures 2-inches high 
and 1-inch round. It weighs 3-ounces and 
occupies less than 2-cubie inches of space. 
The stud is a one-half inch—20 thread 
with a 1-1/16-inch hex. 
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Dual-Beam Oscilloscope 


Tektronix Type 555 Dual-Beam Oscillo- 
scope has a separate deflection system for 
each of the two beams: main vertical 
amplifier, time-base generator, and verti- 
eal and horizontal deflection plates. The 
two main vertical amplifiers have rise- 
times of 10 mysec and are designed to 
use Tektronix Plug-In Preamplifiers for 
signal-handling versatility. The two time- 
base generators provide 24 calibrated 
sweep rates from 0.1 wsec/em to 5 sec/cm, 
with 5 x magnifiers to increase the cali- 
brated rates to 0.02 usec/cm. 
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Silicon Power Rectifier 


Transitron Electronic Corp. announces 
a new heavy-duty silicon rectifier. The 
stud-mounted unit features a high-current 
rating of 35 amperes @ 150 degrees centi- 
grade case temperature. A standard 11/16” 
hex base encapsulation provides ease of 
mounting and an adequate heat~sink. 
Peak inverse voltage ratings range from 
50 to 400 volts. Operating and storage 
temperatures range from —65 to 200 de- 
grees centigrade. Request Bulletin PB 54. 
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Switching Transistor 


Hughes Aircraft Company has added a 
new double diffused switching transistor 
to its line of semiconductors. HA-9000 
silicon transistor designed for medium 
and low level switching is a P-N-P type. 
Available in voltage ranges greater than 
50 volts and DC current gains greater than 
60. Rise times for the transistors are 
typically in the range of 50 millimicro 
seconds. Output capacity is 12 micro- 
microferrites. Other typical specifications 
are: Operating Temperature Range, —65 
C. to +150 C.; Saturation resistance, 30 
ohms; Frequency cutoff, 70 megacycles. 

Circle 145 on Reader Service Card 
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Thermoplastic Polymer 


J. T. Baker Chemical Company an- 
nounces the development of a new 
acrylic-type thermoplastic polymer pos- 
sessing heat resistance and an exceptional 
combination of stiffness and toughness. 
PL-12 has a heat distortion point of 240°F, 
a flexural modulus of 415,000 psi and a 
notched izod impact strength of 1.0 ft. 
lb./inch. Injection molding and extru- 
sion can be carried out by conventional 
acrylic techniques. The natural resin is 
straw-colored and has fair transparency. 
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Voltage Reference Packs 


International Rectifier miniaturized volt- 
age reference packs are available to re- 
place standard cells or dry cell batteries 
in all equipment requiring stable voltage 
references. Units will operate directly 
from an unregulated power source. Out- 
put voltages of either 8.4 or 16.8 volts de 
are available in five types that allow op- 
eration from either 28 volt de or 115 volt 
de, 400 and 60 cycle power supplies. Tem- 
perature coefficient is +0.001%/°C from 
—55° to 100°C. Voltage regulation is 
+0.01% (at +10% line voltage variation). 
Output ripple from the ac operated types 
is less than 0.004%. Request Bulletin SSD- 
401. 
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Transistor Curve Tracer 


Baird-Atomic announces a_ transistor 
test instrument for laboratory research 
or quality production control. MW-1 
Curve Tracer is designed to display 
families of characteristic curves for PNP 
and NPN transistors in either common 
base or common emitter configurations. 
Input and/or output current or voltage 
may be selected as components of the 
curves displayed. Displays for either con- 
figuration are switch-selected and dis- 
plays may be reversed or inverted. Plug- 
in Vacuum Tube Adapter available. 
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High-Frequency Transistors 


GE has announced a line of seven 45- 
volt silicon high-frequency transistors 
designed for both amplifier and switching 
circuits, JEDEC type-designated 2N332 
through 2N338. Fixed-bed mounting using 
a ceramic disk has resulted in unusually 
high reliability, and low thermal resist- 
ance. Accelerated life tests were run at 
an ambient temperature of 150°C and a 
dissipation of 75 mw, and also showed an 
increased electrical stability of the tran- 
sistors which are made by the grown- 
diffusion process. In addition, the new 
design resulted in a lower collector satu- 
ration resistance. 
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CHARACTERISTICS CHART 
of NEW TRANSISTORS 


Announced Between January 1, 1959 and February 28, 1959 


MANUFACTURERS 
ARA— Advanced Research Associates, Inc. 
AMP— Amperex Electronic Corp. 
BEN— Bendix Aviation Corp. 
BOG— Bogue Electric Mfg. Co. 


BTHB— British Thomson-Houston Export Co., Ltd. 
CBS— CBS-Hytron 

CTP— _ Clevite Transistor Products, Inc. 

DEL— Delco Radio Div., General Motors Corp. 
EEVB— English Electric Valve Co., Ltd. 

ESEB— Edison Swan Electric Co., Ltd. 

FCS— _ Fairchild Semiconductor Corp. 

FTHF— French Thomson-Houston Semiconductor Dept. 
GECB— General Electric Co., Ltd. 


GE— General Electric Co. 
GEM— Great Eastern Mfg. Co. 
GTC— General Transistor Corp. 
HUG— Hughes Aircraft Co. 
HIVB— Hivac Ltd. 

IND— _ Industro Transistor Corp. 


LCTF— Labortoire Central de Telecommunications 
Minneapolis-Honeywell Regulator Co. 
Motorola, Inc. 


MIN— 
MOT— 


TYPE 
{ See ] 
{ Code } 
| Below J 


MAT Pc 


(mw) 


2N392 5 PNPA Ge  45W 1.5 
2N538 3 PNPA Ge  32W 2.2 
2N538A 3 PNPA Ge  32W 2.2 
2N539 3 PNPA Ge  32W 2.2 
2NB39A 3 PNPA Ge  32W 2.2 
2N540 3 PNPA Ge  32W 2.2 
2N540A 3 PNPA Ge 32W 2.2 
2N545 3,5 NPND Si 5.0W 
2NB46 3,5 NPND Si 5 .0W 
2N547 3,5 -NPND Sig ow 
2N548 3,5 NPND S41 5.0W 
2N549 3,5  NPND Si 68.0W 
2N550 3,5  NPND Si 68 .0W 
2N551 3,5 NPND Si 5 -0W 
2N552 3,5 NPND Si 5.0W 
2N634 5 NPN Ge 150 400 
2N635 5 NPN Ge 150 400 
2N636 5 NPN Ge 150 400 
2N665 5 PNPA Ge 2.0 
2N1056 5 PNP Ge 240 ; 


NOTATIONS 


Under Use 


1—Low power a-f equal to or less than 50 mw 

2—Medium power a-f 50 : 

apres 500 ne > mw and equal to or less than 500 mw 
4—+-f/i-¢ 

5—Switching & Computer 


o4 


; Max. Ratings @ yo tel & 


(In Order of Code Letters) 


MUL— Mullard Ltd. 
NTLB— Newmarket Transistors Ltd. 


NPC— Nucleonics Products Co. 

PSI— Pacific Semiconductors, Inc. 

PHI— _ Philco Corp., Landsdale Tube Co. 

RAY— Raytheon Mfg. Co. 

RCA— Radio Corp. of America, Semiconductor Div. 
SIE— Siemens & Halske Aktiengesellschaft 


SONY— Sony Corp. 

SPE— Sperry Gyroscope Co. 

SPR— Sprague Electric Co. 

SYL— _ Sylvania Electric Products Inc. 

STCB— Standard Telephone & Cables, Ltd. 

TKAD— Suddeutsche Telefon-Apparate-, Kabel und Dranr- 
werke 

TRA— Transitron Electronic Corp. 

TFKG— Telefunken Ltd. 


TI— Texas Instruments 
TUN— Tung-Sol Electric, Inc. 
WEC— Western Electric Co., Inc. 


WEST— Westinghouse Electric Corp. 


Typical Characteristics 


MER. 
See code 
at start 

‘of charts 


PARAMETER 
and 
(condition) 


60 30 homtIn-38.0A 100 DEL 
FE‘Ig-3- 
B0 i Tos MIN 
B0 a0 3 pret toss:e sc MIN 
80 60 .20 PFE Suge 43 MIN 
80 60 °20 feet ek0n 43 MIN 
BO 60 .20 :I_-2.0A 64 MIN 
80 60.20) hee: 10-2. 0A 64 MIN 
60 60 4.0 hee: IC 50a 25 «TRA 
80° 300 4.0 neE:T° 50a 25 TRA 
830 30 4.0 :I.=.50A 35 TRA 
0 60 4.0 hpeilg-+50A 35 TRA 
(or nilp-.50A 35 TRA 
60 60-406 hee lg-. BOA 30 TRA 
80 300 4.0 | HEE: 1C-T50a 30 TRA 
20 8.0 ho:I,-200 
nil = 200ma0 See mice 
zo 12 hye? Ig-200ma 25 GE 
15 gl”) Rye‘ Zg-200ma 35 GE 
80 bo DRE‘ Ig~-50A 60 DEL 
50. shee 32 GE 
Under Type Under fxb 
D—Dittused or Drift it Figure of Merit” 


Grown 
H—Hook Collector 
M—Microalloy 

Other 


Aa fire 
minimum 


P—Previous| I 
S—Surface Saicnne with new specs 


UNI—Unijunction T, 
Y—Symmetrical eon 
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PHILCO Transistors operate 


1,068,111 


{Failures due to all causes including human error. 
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ELECTRONICS, 
Oct. 1, 1957, 
pg. 167 


ELECTRONICS, 
Oct. 1, 1957, 
pg. 167 


PHILCO 
REPORT, 
Feb. 10, 1959 


WICC 
REPORT, 
Feb. 1957 


PHILCO 
REPORT, 
Feb. 12, 1959 


PHILCO 
REPORT, 
Nov. 19, 1958 


Carefully documented reports now reveal that 
Philco electro-chemical transistors have 
amassed more than fifty-million hours of 
operation in six computers under actual field 
conditions. Here is proof of the outstanding 
performance and reliability that electronics 
engineers and designers have come to expect 
from Transistor Center, U.S.A. Of course, 
these transistors are still operating in their 
original high speed computer switching cir- 
cuits... extending service life data on these 
transistors beyond the limits of any previously 


published information. 


When you think of transistors, think first 
of Philco. Make Philco your prime source 


for all transistor information. 


Write fo Lansdale Tube Company, Division of 
Philco Corporation, Lansdale, Pa., Dept. SC 559 


*Documented service hours in these six computers only. Total 
transistors hours in similar circuits are many times this amount. 
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Typical Characteristics 


USE 
{ See ) 


Code } 
| Below J 


30 Ne! : 58 GE 

2N1057 5 PNP Ge 240 30 ° eg? 
eo see tes BS ee 

3,5 PNPD Si e °C. 
Snes 0 S58 NEND- (Si “sow?iss0 (pole Ghee ia hye :Ign1-5A 20° RCA 
2N1070 3,5 NPND Si 50W 3.0 60 60 Lea hap itgn-1.5 
2N1090 2,5 NPNA. Ge 120 25 18 tol Mn ea as hoa 
2N1091 2,5 NPNA ‘Ge 120 25 15 13 hep ilon ma : nea 
2N1092 3 NPND Si 2.0W 75 60 60 rao her: c7200ma Teo 
2N1116 3,5 NPND, Sal 5.0W 60 60 4.0 E: 77 50A i man 
2N1117 3,5 NPND. Si 5.0W 60 60 4.0 Nppiig--20A 
2N1159 5 PNPA .Ge b heey? 80 60 Hag ig-3.0A 50 ps 
2N1160 5 PNPA Ge vena 80 60 Hopi ig-5.0A 35 ror 
2N1161 3 Composite PNP Si SiO Kenmare 7, 40 40 03 hee? 10,000 
2N1162 3 PNPA Ge 50W 1.2 50 35 26 hog ilon 25A 25 MOT 
2N1163 3 PNPA Ge 50W 1.2 50 35 26 Nap iton 25A 25 MOT 
2N1164 3 PNPA Ge 50W 1.2 80 60 226 gion 25A 25 MOT 
2N1165 3 PNPA Ge 50W 1.2 80 60 .26 pe: TO. 25A 25 MOT 
2N1168 5 PNPA Ge 45 1.5 50 30 hag ig-3.0A 60 DEL 
2N1172 5 PNPA Ge 15 40 El -.50A 30 DEL 
2N1191 2 PNPA Ge 175 350 40 25 1.5 hp, ?15-1.0ma 40 MOT 
2N1192 2 PNPA Ge 175 350 40 25 2.0 Ap, ?i,-1.0ma 75 MOT 
2N1193 2 PNPA Ge 175 350 40 25 74.55% hp,iig-1.0ma 160 MOT 
2N1202 3 PNPA ‘Ge 32W 2.2 80 60 -20 hop iig--50A 86 MIN 
2N1203 3 PNPA Ge 32W 2.2 120 70 20 hap: ig-2.0A 37 MIN 
2T64R 2 NPNA Ge 80 625 25 ala hagita- 10ma 100 SONY 
2T65R 2 NPNA Ge 80 625 25 AboW hopiion 10ma 50 SONY 
2T66R 2 NPNA. Ge 80 625 25 -80 Elan 10ma 25 SONY 
2T69R 2. NPNA Ge 100 600 25 1.0 hagiion 10ma 50 SONY 
2T73R af NPNG Ge 50 1000 15 20 Hp, ?ig-1.0ma 49 SONY 
2T76R 1 NPNG Ge 50 1000 aS 10 hpgiig-1.0ma 49 SONY 
2T78R 1 NENG Ge 50 1000 15 20 Hp, tI,-1.0ma 49 SONY 
2T204A af PNPG Ge 25 1600 15 60 Neg :ig-1.0ma AQ SONY 
2T205A 1 PNPG Ge 25 1600 15 80 Negi Ig-1.0ma 49 SONY | 
2T681 Z NPNA Ge 100 600 30 1.0 hep ilo- 10ma 50 SONY 
2T682 2 NPNA Ge: 100 600 30 a hppito- 10ma 50 SONY 
GET571 3,5 PNPA Ge 25W 2.5 16 16 225 her: 12A 20 GECB 
GET572 3,5 PNPA Ge 25W 2.5 32 32 25 hop! 12A 20 GECB 
GET573 3,5 PNPA Ge 25W 2.5 64 40 725 hor: 12A 20 GECB 
LT5163 3 NPNA Ge 12W 5.0 60 45 e15 hppiig-1.0A 35 CBS 
LT5163L 3 NPNA Ge 12W 5.0 60 45 -15 hae itg-1.0A 35 CBS 
LT5164 3 NPNA Ge 12W 5.0 80 60 15 hep iIg-1.0A 35 CBS 
LT5164L 3 NPNA Ge 12W 5.0 80 60 eal hag iig-1.0A 35 CBS 
LT5165 3 NPNA Ge 12W 5.0 35 30 Lo hogil -1.0A 35 CBS 
LT5165L 3 NPNA Ge 12W 5.0 30 30 nalts hag il -1.0A 35 CBS 
OC19 3 PNPA Ge 1.0 16 16 220 Nap lg-.30A 45 MUL 
NOTATIONS Under Type dnaetee 
Under Use ret bse pa ais # Faw of en 

1—Low poner o-f equal to oe fess en =e ae Bie HaHeclc Collector Jan Xe 

s— Power "500 mer > 50 and equal to less than 500 M—Microalloy g minimum 


TYPE 
{ See ] 
4 Code } 
| Below J 


5—Switching & Computer 
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MER. 
See code 
Ve afk ' at start 
PARAMETER peas 
and 
(condition) 


P—Previously released th 
S—Surface Barrier winner specs 


Ni—Unijunction Transistor 
Y—Symmetrical . 
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2N1124 40 35 0.5 0.3 0.4 

a Min 
2N1125 40 40 0.5 0.3 10 

in 


LOW COST 


Introducing a completely new family of PNP 
germanium transistors, especially designed to meet 
rigid military and industrial specifications ... at 
lowest possible prices. 


These transistors are available in production 
quantities, for use in teletypewriters, control 


Transistors 


amplifiers, ignition systems, mobile radios and 
desk calculators (2N1124); servo amplifiers, volt- 
age regulators and pulse amplifiers (2N1125, 
2N1126, 2N1127); medium power audio and 
switching applications (2N1128, 2N1129, 2N1130). 


Also available in quantities 1-99 from your local 
Philco Industrial Semiconductor Distributor. 


Make Philco your prime source of information for all transistor applications. Write to 
Lansdale Tube Company, Division of Philco Corporation, Lansdale, Pa., Dept. SC 559 


2N1126 40 35 0.5 1.0 0.4 
2N1127 40 40 0.5 1.0 1.0 
2N1128 25 18 0.5 0.15 1.0 


25 25 0.5 0.15 0.75 


2N1129 


g 2N1130 30 0.5 0.15 0.75 


hfe For high voltage general purpose use 
40 in amplifier and switching. Small signal $1.30 
Min beta controlled. 
hfe For high voltage, hjgher frequency 
50-150 industrial amplifier and switching $4 .30 
@ 0.5 amp systems. Large signal beta controlled. 
hfe 1 watt version of 2N1124 for servo 
40 amplifiers and relay actuators. Small $1.80 
Min signal beta controlled. 
hrs 1 watt version of 2N1125 for servo 
50-150 amplifiers and control systems. DC $2.40 
@ 0.5 amp beta controlled. 
hfe For low distortion, high level driver 
70-150 and output application. Small signal $ 95 
beta controlled. 
here For high gain general purpose ampli- 
100-200 fier and switching. Typical DC beta $1.10 
@ 0.1 amp 165. 
hye For higher voltage, higher level ampli- 
50-165 fier and switching applications. Typi- $ 95 


@ 0.1 amp cal DC beta 125. 


Available in Production Quantities— Also Available from Local Distributors 


Circle No. 29 on Reader Service Card 


CHARACTERISTICS CHART of NEW TRANSISTORS 
Typical Characteristics 


MER, 
USE TYPE See code 
{ See )} { See ] MAT Pc DERAT Ves uf 


at start 


PARAMETER OF chai 


ieee } { Code } ING 


Below J | Below J (mw) 


an 
(condition) 


0C22 3 PNPA Ge 3.0 24 24 2.5 Hppiignl.0A aoe a 
0C23 3 PNPA Ge 3.0 24 24 2.5 hppiig-1.0A 5 
0C24 3 PNPA Ge 3.0 24 24 2.5 Appitg-1.0A 150 MUL 
0C30 3 PNPA Ge 7.5 16 16 a0 hppila--80A 28 MUL 
0C41 Zinio PNPA Ge 70 700 16 4.0# Nee ition 50ma 35 MUL 
- 50ma “70 MUL 
0C42 PNPA Ge 70 700 16 7.0# Hpeil, 5 
0c60 1 PNPA Ge 10 18600 7.0 hpe:le-.50ma 60 MUL 
0C139 2,5 NPNAY Ge 100 500 20 3.5 Ap, ?I,-200ma 14 MU 
0C140 2,5 NPNAY Ge 100 500 20 4.5 hp, ?1,-200ma 35 MUL 
- 0 MUL 
0C170 2 PNPD Ge 100 500 20 70 Are I, 1.0ma 8 
TK28B 2,5 PNPA Ge 200 250 26 8.0 9.0 her I-- 60ma 55 STCB 
TK70A 2,4 NPNA rsjak 325 370 30 20 6.0 hag il -100ma 40 STCB 
TK71A 2,4 NPNA Si 325 370 30 25 Ph he Appi ig-100ma 15 STCB 
The fo, values for the following transistors were incorrectly listed in the March 1959 issue. 
Shown below are the correct values. 
:I,= 00 CTP 
2N1146 3 PNPA Ge 70W 1.0 40 40 .004 hapil, 5A 1 
2N1146A 3 PNPA Ge 70W 1.0 60 60 .004 hogion 5A 100 CTP. 
2N1146B 3 PNPA Ge 70W 1.0 80 80 .004 hog iio- 5A 100 CTP. 
2N1146C 3 PNPA Ge TOW 1.0 100 100 .004 hppio- 5A 100 CTP 
2N1147 3 PNPA Ge 70W 1.0 40 40 .004 hapio- 5A 100 CTP 
2N1147A 3 PNPA Ge 70W 1.0 60 60 .004 hppiio- 5A 100 CTP. 
2N1147B 3 PNPA Ge 70W 1.0 80 80 .004 hig:ic- 5A 100 CTP 
2N1147C 3 PNPA Ge 70W 1.0 100 100 .004 hep iten 5A 100 CTP 
NOTATIONS Under Type Under for 
Under Use = sien age 
1—Low power a-f equal to or less than 50 mw Porshe Xe 
iPower’ poveas > 50 mw and equal to or less than 500 mw i Mcrosioy g saint 
5—Switching & Computer P—Previously released with new specs 


S—Surface Barrier 
UNI—Unijunction Trensistor 
—Symmetrical 


The following manufacturers have announced that they have begun supplying the indicated 
previously registered transistors. 


CBS-Hytron: 2N326 


Industro: 2N315A, 2N316A, 2N317A, 2N519A, 2N520A, 2N521A, 2N522A, 2N523A 
RCA: 2N456, 2N457 


Sprague: 2N1122, 2N1122A 
Tung-Sol: 2N173, 2N174, 2N174A, 2N277, 2N278, 2N441, 2N442, 2nN443 
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A Complete Line of 


‘COMPUTER TRANSISTORS 


: 
: 


Only Philco offers a complete line of specially designed 
computer transistors. Here are the best transistors for 
all phases of logic circuitry, read-in and read-out equip- 
ment, core-drivers, storage and switching devices. 


Philco transistors are being used by all leading com- 
puter manufacturers, especially where millimicrosecond 
speeds are needed. A leading University has proven 
Philco transistor reliability in actual computer circuits 


MEDIUM FREQUENCY, MEDIUM POWER ALLOY 
JUNCTION TRANSISTORS (250 mw) (in TO-9 package) 

for use in 200-300 kc computers, foc, over 3 mc 

for use in 300-400 kc computers, fx, over 5 mc 


for use in switching circuits faster than 400 kc, fo), over 
12 mc 


MICRO-MINIATURE TRANSISTOR 


high gain switching transistor, 20v maximum Vox, DC 
beta typically 150 


2N536 


HIGH FREQUENCY, HIGH GAIN (MICRO ALLOY) 
TRANSISTOR (MAT) 


2N393......combines high frequency response with high gain for 
general purpose, high frequency applications and 
switching circuits, typical fin_, 60 me 


HIGH FREQUENCY SILICON TRANSISTOR (SAT) 
2N496 


high speed silicon switch for speeds up to 5 mc charac- 
terized by extremely low saturation resistance. 


HIGH FREQUENCY SURFACE BARRIER 
TRANSISTOR (SBT) 


2N240..... .switching transistor, typical f=60 mc 


over tens of millions of transistor service hours. 


All Philco transistors are hermetically sealed to insure 
maximum service life. Available in production quantities 
from the factory. Also available ‘“‘off the shelf” in quanti- 
ties 1 to 99 from your local Philco transistor distributor. 
When you think of TRANSISTORS .. . think of 


PHILCO FIRST. 
Circle No. 30 on Reader Service Card 


MICRO ALLOY DIFFUSED-BASE TRANSISTOR (MADT) 


extremely high speed switch; typical rise time 12 mu 
sec, fall time 4 mu sec 


BILATERAL ALLOY JUNCTION TRANSISTOR 


2N462 high gain (hp; = 45 in both directions), high voltage 


(40y) unit for applications where current reversal is desired 


POWER TRANSISTORS 


40 volt, 30 watt power transistor 

60 volt, 37.5 watt power transistor 
80 volt, 37.5 watt power transistor 
100 volt, 37.5 watt power transistor 


PHILCO’S NEWEST FAMILY OF MEDIUM- AND 
HIGH-POWER SWITCHING TRANSISTORS 


. .300 mw, 2 amp pulse amplifier, in TO-9 type package 

..40 volt, 1 watt pulse amplifier in case with mounting 
stud and JETEC E3-51 base 
40 volt, 0.75 microsecond high frequency switching 
transistor 

. 40 volt, 1 watt, stud mounted switching transistor 
stud mounted % watt high speed power switch (fo, 
and 5 MC) 

. stud mounted % watt high speed power switch (fa, 
and 12 MC) 


Make Philco Your Prime Source For All Transistor Information And Prices. Write Dept. SC-559 


SILICON ZENER OR AVALANCHE DIODES 
CHEE AGU URES pete eee Dec. 1, 1958 and Jan. 31, 1959 only. 


i i i i i diodes announced during this period will be included 
Switching diodes, voltage variable capacitor diodes, ane Te eee 


Zener or Avalanche Dynamic ie 
Voltage Range Impedance CO-EF. ee 


MIN FICIENT See code 


at start 
of chart 


Eb1 %/1°C 
(volts) (volts) 


1N2163 9.0 9.8 10 15 10 eee USS 
1N2163A 9.2 9.6 10 15 10 - 005 ioe 
1N2164 9.0 9.8 10 15 10 .005 
1N2164A 9.2 9.6 10 15 10 - 005 USS 
1N2165 9.0 9.8 10 15 10 005 USS 
1N2165A 9.2 9.6 10 15 10 .005 USS 
1N2166 9.0 9.8 10 15 10 .001 USS 
1N2166A 9.2 9.6 10 15 10 .001 USS 
1N2167 9.0 9.8 10 15 10 .001 USS 
1N2167A 9.2 9.6 10 15 10 .001 USS 
2168 9.0 9.8 10 15 10 .001 USS 
area 9.2 9.6 10 15 10 .001 USS 
1N2169 9.0 9.8 10 15 10 .0005 USS 
1N2169A 972 9.6 10 15 10 .0005 USS 
1N2170 9.0 9.8 10 15 10 .0005 USS 
1N2170A 9.2 9.8 10 15 10 .0005 USS 
1N2171 9.0 9.8 10 15 10 .0005 USS 
1N2171A 9.2 9.6 10 15 10 .0005 USS 
KS4 6.4 7.6 1.0 5.0 5.0 150 .35 FERB 
KS5 7.4 8.6 1.0 15 5.0 150 -40 FERB 
$180* 6.0 7.5 1.0 8.0 10 250 SSD 
ZB3.9 3.6 4.3 80 1.25 35 750 .04 sai 
ZB4.7 4.3 5.1 150 1.25 30 750 0 rrr 
ZB5 .6 Rael 6.2 130 2.0 26 750 .03 ITT 
ZB6.8 6.2 7.5 110 2.5 22 750 -05 TTT 
ZB8 .2 7.5 9.1 90 4.0 18 750 .06 [Te 
ZB10 ont 11 75 6.0 15 750 .07 Pee 
ZB12 11 13 60 10 12 750 .075 TTr 
ZBi5 13 16 50 20 10 750 .08 igh 
ZB18 16 20 40 40 8.0 750 085 TTT 
ZB22 20 24 33 60 6.0 750 .09 ITT 
ZB27 24 30 26 75 5.0 750 .095 TTT 
ZG3.9 3.6 4.3 850 50 150 3500 04 ibys) 
ZG4.7 4.3 5.1 700 50 125 3500 0 IPT 
ZG5.6 5.1 6.2 625 .75 110 3500 .03 ITT 
ZG6.8 6.2 7.5 525 120 100 3500 05 ITT 
ZG8.2 7.5 9.1 425 1.5 80 3500 .06 TTT 
ZG10 9.1 11 350 2.5 70 3500 .07 ITT 
ZG12 11 13 275 4.0 50 3500 .075 IT? 
ZG15 13 16 225 7.5 40 3500 .08 IT? 
ZG18 16° 20 200 15 35 3500 .085 TTT 
ZG22 20 24 160 22.5 30 3500 .09 IBA 
ZG27 24 30 125 30 25 3500 .095 TTT 
ZK3.9 3.6 4.3 2500 25 500 10W 04 Tre 
ZK4.7 4.3 5.1 2000 25 400 10w 0 ITT 
ZK5 .6 5.1 6.2 1750 .40 350 10wW .03 iy 
ZK6.8 6.2 7.5 1500 50 300 10W .05 TCP 
ZK8.2 7.5. 9.1 1200 .75 250 10w .06 cry 
ZK10 9.1 11 1000 1.25 200 10wW .07 Ter 
ZK12 BI 13 850 2.0 170 10W .075 ITT 
ZK15 13 16 650 4.0 140 10W .08 ITT 
ZK18 16. 20 550 TB 110 10W .085 TTT 
ZK22 20 24 450 12 90 10W .09 ITT 
ZK27 24 30 350 15 70 10W .095 ITT 
ZT3.9 3.6 4.3 250 10 50 1000 .04 Aes 
ZT4.7 4.3 5.1 200 1.0 40 1000 0 1m 
ZT5 .6 5.1 6.2 175 1.5 35 1000 =08 ieee 
ZT6.8 6.2 7.5 150 2.0 30 1000 05 ITT 
278 . 2 7.5 9.1 120 3.0 25 1000 .06 ITT 
ZT10 9.1 ‘11 100 4.5 20 1000 .07 vii ay 
ZT12 li 13 80 7.5 15 
ZT15 13 16 65 15 13 een Ca "i 
ZT18 16 20 55 30 10 1000 085 ITT 
ZT22 20 24 45 45 9.0 1000 “09 
ZT27 24 30 35 60 7.0 : ae 
; 1000 .095 rTP 


60 


PERSONNEL 
NOTES 


i= 


The board of directors of Silicon Tran- 
sistor Corp., elected Harold Sandler 
‘chairman-of-the-board and appointed the 
following permanent officers: Robert L. 
Ashley, president; Mr. Sandler, treasurer; 
Donald Des Jardin, vice-president and 
‘secretary; and Randolph Bronson, vice- 
resident. 


John G. Goodell, engineering consult- 
t, has been appointed manager of the 
roduction Development Group of the 
mew CBS Laboratories, Stamford, Con- 
necticut, a division of the Columbia 
Broadcasting System, Inc., according to 
an announcement today by Dr. Peter C. 
Goldmark, president of the Laboratories. 
In his new capacity, Mr. Goodell is in 
charge of development and production 
engineering including electro-mechanical 
design, and will be responsible for the 
design of commercially producible proto- 
types of various electronic and mechani- 
cal devices. 


Joseph Statsinger has joined Servo Cor- 
poration of America, New Hyde Park, 
L.I., New York, as Director of Engineer- 
ing, it is announced by Henry Blackstone, 
President of the company. Prior to this, 
Mr. Statsinger was with the Arma Divi- 
sion of American Bosch Arma Corpora- 
tion for 14 years. There, most recently, he 
served as Assistant Chief Engineer in 
charge of missile guidance. In this capac- 
ity he headed an organization of 450 
engineers performing research, develop- 
ment, design and testing of guidance 
systems for the Titan and Atlas intercon- 
tinental ballistic missiles. 


_ John G. N. Braithwaite has joined 
_Baird-Atomic, Inc., as senior infrared 
scientist, according to an anouncement 
made by Dr. Davis R. Dewey, II, presi- 
_ dent of the scientific instrument firm. Mr. 
_ Braithwaite was formerly associated with 
the electronics division of the Canadian 
Westinghouse Company. Before coming 
_ to Canada in 1957 he was with the British 
Tele-communications Research Establish- 
ment now called Royal Radar Establish- 
ment. He held the position of senior scien- 
tific officer with this group in 1951 and 
was made principal scientific officer in 
1956. 


A new division, to be known as the 
Elkon Division, has been announced by 
G. Barron Mallory, Administrative Vice 
President of P. R. Mallory & Co. Inc. With 
headquarters at Du Quoin, Illinois, it 
will consist of an Electromagnetic De- 
partment and a Semiconductor Depart- 
ment. Kenneth M. Schafer is General 
Manager. The Electromagnetic Depart- 
ment is the successor to the former Vi- 
brator Division. A. B. Tollefsen, Jr. is 
Chief Engineer. Robert R. Forbes is Man- 
ager of the Semiconductor Department 
in Indianapolis and James M. Hall is 
Chief Engineer. 


The appointment of Hayward K. Mann 
as Marketing Manager was announced by 
Joseph S. O’Flaherty, President of Con- 
tinental Device Corporation. Mr. Mann 
has been intimately associated with the 
semiconductor industry for the past six 
years through his previous position and 
through his active participation in trade 


association work. He came to Continental 
from the semiconductor Division of 
Hughes Aircraft Company, Los Angeles, 
where he had served as Manager of Sales 
since the inception of the division. 


Election of Robert S. Caruthers as vice 
president and technical director of ITT 
Laboratories, Nutley, New Jersey, re- 
search division of International Telephone 
and Telegraph Corporation, is announced 
by Henri Busignies, president of the Labs. 
Mr. Caruthers brings a 23-year back- 
ground in electronics and communication 
systems development to his new post as 
director of general development projects. 
A former deputy director of research and 
engineering for the parent corporation, he 
occupied key engineering and adminis- 
trative positions with Bell Telephone 
Laboratories and the Lenkert Electronic 
Company in San Carlos, Calif. 


Andre G. Clavier, who retired recently 
as vice president and technical director 
of ITT Laboratories, Nutley, N.J., has 
been appointed scientific advisor to the 
Laboratories president, Henri Busignies. 
Mr. Clavier, who formerly was in charge 
of company-sponsored projects at the In- 
ternational Telephone and Telegraph re- 
search division, has held the post of vice 
president since 1956 and is celebrating his 
30th anniversary with the ITT System. 


The appointment of David B. Tolins 
to the newly-created position of adver- 
tising and sales promotion manager of the 
Semiconductor Division of Sylvania has 
been announced by Ernest H. Ulm, divi- 
sion general sales manager. Mr. Tolins 
has been advertising supervisor for Syl- 
vania Electric Tubes, a division of the 
company, since 1956. He is a former editor 
of “Sylvania News,” published monthly 
by the company for servicemen, engi- 
neers, and electronic parts distributors. 


Dr. David A. Conrad, formerly of Bell 
Telephone Laboratories, has joined 
Hughes Aircraft Company as head of the 
analysis group of the engineering labo- 
ratory’s servo-mechanics section, it was 
announced by John Black, plant manager 
of Hughes’ Tucson operations. Others 
simultaneously announced as _ having 
joined Hughes’ Tucson plant, are: 
Blanchard Cain, former manager of new 
programs at American Machine and 
Foundry, who became head of the me- 
chanical section of the engineering lab. 
John K. Matsushino, former research en- 
gineer of Radioplane Company, Van 
Nuys, Calif., who became a member of 
the Hughes technical staff. Edward Sax, 
formerly of Aeronautical Radio, Inc., 
Washington, D. C., who became a mem- 
ber of the technical staff. 


Fred Maytag II, president of the May- 
tag Co., has been elected a director of 
Minneapolis-Honeywell Regulator Co., 
Paul B. Wishart, Honeywell president, has 
announced. His election, announced by 
Paul B. Wishart, Honeywell president, in- 
ereases the membership of the M-H 
board of directors to 12. 


George Sioles, acoustics engineer, has 
been named group leader for transducer 
research in the Acoustics and Magnetics 
Department of the new CBS Laboratories, 
Stamford, Connecticut, a division of the 
Columbia Broadcasting System, Inc., ac- 
cording to an announcement by Dr. Peter 
C. Goldmark, president of the Labora- 
tories. 
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RCA 


CREATES A 


GOLDEN 
OPPORTUNITY 


FOR SCIENTISTS 
ENGINEERS 


Inquiries are invited for key 
openings at RCA’s new, ultra- 
modern Semiconductor and Ma- 
terial headquarters in suburban 
Somerville, New Jersey (just 35 
miles from New York City), from 
individuals with degrees in... 


PHYSICAL CHEMISTRY + METAL- 
LURGY « PHYSICS « CERAMICS « 
MECHANICAL AND ELECTRONIC EN- 
GINEERING « CHEMICAL ENGINEER- 
ING AND INORGANIC CHEMISTRY 


RCA-Somerville is headquarters 
for major research and develop- 
ment work on: 


SEMICONDUCTORS 


Diodes « Transistors « Silicon Rectifiers 
Thyristors 


MICROMODULES 


Subminiature Packaged Circuitry-Micro 
Elements « Resistors « Capacitors 
Inductors « Transistors 


ELECTRONIC MATERIALS 


Thermoelectrics « Ferroelectrics 
Dielectrics « Primary Energy Sources 


PHONE OR WRITE 
MR. J. B. DALY 
RAndolph 5-4500 


RADIO CORPORATION 
OF AMERICA 
Semiconductor and Materials 
Division 
Somerville, New Jersey 
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f the cost of metal stampings and wi 
forms figures in your profit picture, let 
us-give you a quotation on your current 
components. Send us. a sample or blue- 
print. . . and discover how big savings 
in time and production costs, big gains 
in precision and uniformity are possible 
on small components, when Art Wire 
tackles the job! 


Our engineering staff, our production 
experience, and our modern high speed | 
d equipment are always at your disposal. 4 
: @ If you wish to learn more about what a 
: | wide and versatile range of shapes and | 
parts we can produce for you—at lower 
cost than you’d guess—just write for | 


Circle No. 32 on Reader Service Card 
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New Literature 


Those concerned with making pressure 
and vacuum-tight seals with hard glasses 
will find useful the information contained 
in the booklet on Kovar Alloy issued 
by the Carborundum Company. Essential 
feature of this iron-nickel-cobalt alloy 
is its thermal expansivity that matches 
almost perfectly curves for several hard 
glasses. How this property is employed 
to best advantage, how to handle the 
alloy and how to make a Kovar seal 
with hard glass and ceramics are de- 
scribed in considerable detail. Properties, 
such as tensile, electrical, magnetic, 
thermal ete., have tabulated values 
provided. Also included is a range of 
stock sizes of finished forms. 

Circle 60 on Reader Service Card 


Bulletin A-68, a four page illustrated 
technical bulletin describing high purity 
semiconductor preforms used in making 
alloy junctions in germanium and silicon 
devices, and including information on 
analyses of alloys, specifications and 
tolerances of discs, spheres, and washer 
preforms, along with previously unpub- 
lished phase diagrams of semiconductor 
alloys, is now available from Accurate 
Specialties, Inc. Bulletin shows typical 
analyses of semiconductor elements such 
as lead, antimony, indium, gold, gallium, 
cadminum, indicating the importance of 
minimal impurities. Phase diagrams of 
various semiconductor alloy systems are 
also included. 


Circle 61 on Reader Service Card 


The availability of a data sheet on rare 
earth oxides was announced by Research 
Chemicals. The rare earths include 
scandium, yttrium, lanthanum, cerium, 
praseodymium, neodymium, samarium, 
europium, gadolinium, terbium, dyspro- 
sium, holmium, erbium, thulium, ytter- 
bium and lutetium. Research Chemicals 
is a division of Nuclear Corporation of 
America. 


Circle 62 on Reader Service Card 


Bulletin 400 FS, by Magnetic Circuit t 
Elements, Inc., includes features, draw- - 
ings, and specifications of a line of fre- - 
quency sensors for use in automatic 
instrumentation of frequency for aircraft. : 
missiles, ground control installations, | 
telemetering equipment, and indus | 
control equipment. The sensors embody 
magnetic and static elements throughout. . 
and may be used with logic circuits. Ac- 

. 


curacy and reliability are high. 
Circle 68 on Reader Service Card 


An 8-page brochure on wire, rod and | 
shapes, now available in titanium, zir- - 
conium, tantalum, columbium and other - 
special metals has been published by ° 
Johnston & Funk Metallurgical Corpora- - 
tion. The publication discusses the : 
firm’s electrode vacuum melting tech-- 
niques, and illustrates the facilities ; 
available for either manufacturing or ° 
experimental research at its plants. In. 
addition to melting, methods of billet con- » 
ditioning, rolling, wire drawing, cleaning ' 
and pickling, wire straightening, strip | 
and foil rolling and laboratory techniques | 
are reviewed. 

Circle 69 on Reader Service Card 


Du Pont has prepared a booklet which 
helps remove one of the last remaining 
mysteries confronting the electrical engi- 
neer who designs wire and cable insu- 
lated with polyethylene. This report, | 
based on 200,000 sample exposure hours, 
provides the industry with guideposts to 
designing polyethylene insulation which | 
is free from the effects of corona. 

Circle 80 on Reader Service Card 


A pamphlet entitled “Notes on Transis- 
tor Switching Circuitry,” (Navecor Series 
100), has been recently published by the 
Navigation Computer Corp. It deals with 
pulse generation, programming, flip-flop 
circuits, counters and other basic switch- 
ing functions. 


Circle 81 on Reader Service Card 


— a Se eee 


Packs A Lot Of Capacity 
Into A Little Space 


@ 

KSR* 
TANTALYTIC® 
CAPACITORS 


NEW 


*Registered trade-mark 


The new designs provide up 
to 40% reduction in weight, 
and 30% reduction in re- 
quired space, when compared 
to other foil tantalum units. 
They also cost less per volt- 
microfarad. 


of General Electric Co. 


Achweber . 


LECTRONICS 


YOUR SAME-DAY, 
FACTORY-PRICE SOURCE 


60 HERRICKS ROAD, MINEOLA. L. 1... N.Y. PIONEER 6-6520. TWX G-CY-NY-580U 
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Latest edition (Vol. VI) of March 1959 


' Transistor Characteristics Tabulation now 


available, containing over 1100 different 
Transistors. With the engineer’s needs in 
mind, this Tabulation serves as a single 


|-source of reference—the Transistors listed 
) first in major characteristics sequence, 


then in type number sequence showing 


| all manufacturers of each type and cross- 


referencing the line numbers in the char- 


» acteristics sections. Subscriptions starting 


with the March edition of this quarterly 


* Tabulation can be ordered from Deriva- 
' tion And Tabulation Associates, 67 Law- 
' rence Ave., West Orange, N. J. 


Circle 79 on Reader Service Card 


A technical report describing a pro- 
posed standard test set for measuring and 
evaluating the current noise quality of 


_ fixed resistors has been issued by the Na- 
' tional Bureau of Standards of the Dept. 


of Commerce. 
Circle 82 on Reader Service Card 


Publication of a complete bound refer- 


* ence catalog on basic switches and ac- 
* tuators was announced by Electrosnap 


Corporation. Catalog ES-59 contains a 
comprehensive definition of terminology 
used in the switch industry, as well as 
photos, specifications, dimensional draw- 
ings, and modification information. This 
52-page catalog has a pocket where price 
lists, quotations, and other data may be 
kept. Supplementary technical literature 
will be issued periodically to holders of 
this complete catalog. 
Circle 73 on Reader Service Card 


ev50oe ® ae &' . 
© ap ae 
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CURRENT GOVERNOR 


Model CS-11 


or Constant Current 


@ Precision Current Source 
@ Gyro Torquer Supply 
© Transistor and Diode Tester 


> High Aeeurar™ ellent stabil 


> Programmable 


For testing and measurement of gyros, 
transistors, diodes, clutches, solenoids, 
meters, other current sensitive devices. 


© Current Range is 1a to 100 ma with 
5 decades — digital in-line readout — 
© Regulation and stability 0.002% — 
© Accuracy 0.02% 
In use by leading companies for gyro 


torquer supply, transistor avalanche test, 
diode PIV test, clutch testing, calibration. 
Literature describing this and other 


constant current sources from 0.1pa to 
30 amp. may be obtained from 


NORTH HILLS 


ELECTRIC COMPANY, INC 
402 SAGAMORE AVE., MINEOLA, N.Y. Ploneer 7-0555 
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Bulletin #117, a 2-page technical data 
sheet describing Duramic Grade M120F-T 
ceramic, a new wear-resistant hi-tem- 
perature tooling material for use in 
alloying of semiconductor materials, 
including specifications, photos, and fabri- 
cation information, is now available from 
Duramic Products, Inc. Lists detailed 
fabrication data. 
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An 8-page catalog entitled “Selenium 
Photovoltaic Cells,” published by Inter- 
national Rectifier Corporation, describes 
a complete line of self-generating photo- 
cells. Over 25 standard selenium cell types 
are described in the booklet, including 
cell structure and operation, performance 
characteristics, output current curves and 
typical applications in electrical and in- 
dustrial engineering, chemistry, photog- 
raphy, photometry and medicine. Request 
Bulletin PC-649A. 
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The new Stokes SC series of small com- 
pound high vacuum pumps, in 2 and 3 
cfm. capacities, which are suitable for a 
wide range of laboratory and production 
applications where rapid pumping and 
an ultimate blankoff pressure of 0.1 
micron are desired, is described in a 
bulletin published by the Vacuum Equip- 
ment Division of F. J. Stokes Corporation. 
Specifications and pumping speed curves 
for the two initial models in the SC 
series are given, and the pumps’ features 
are outlined. 
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A technical publication on what to 
expect from Tantalum Capacitors of the 
wet electrolytic type has been released 
by Fansteel Metallurgical Corporation. 
The 16-page booklet discusses their 
capabilities and limitations under various 
electrical and electronic service conditions 
and shows representative applications. 
Also includes tables, charts and curves 
accompanied by a complete textual de- 
scription on temperature, frequency, 
surge voltage, shock and vibration con- 
ditions, results of life tests both in use 
and on the shelf. 
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“Vitramon” Capacitors in five different 
designs and values from 0.5 mmf to 6800 
mmf are described in new 8-page Catalog 
59-1. Catalog is profusely illustrated and 
supplies a wealth of information on the 
manufacture, electrical characteristics, 
and design applications of these mono- 
lithic, porcelain and silver capacitors. 
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Precisely-controlled, quick-acting ovens 
for laboratory sterilizing and special in- 
dustrial processing applications are de- 
scribed in new literature issued by 
Despatch Oven Company. The electri- 
cally-heated ovens, models 288, 289 and 
287, are designed for 400° F. maximum 
temperature operation. Contains illustra- 
tions and detailed specifications for the 
three oven series. 
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8-page Data Sheet K-5, contains 29 
outline drawings of mica wafer shapes 
available without tooling costs, and de- 
scribes how transistor reliability is in- 
creased when low cost plentiful mica 
wafers are used as isolators in heat sink 
applications. Data Sheet K-5 is available 
from Magnetic Shield Division Perfection 
Mica Company. 
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DURAMIC M120F-T 
CERAMIC 
SEMICONDUCTOR 
ALLOYING JIGS 


Check these advantages: 


¢ Duramic M120F-T is 4X harder and den- 
ser than carbon offering longer tool-life 
and lower rejects. 


¢ Duramic M120F-T has thermal expansion 
rate 1/5 that of stainless steel, and will 


not warp, or lose tolerance over many 
cycles. 


¢ Duramic M120F-T resists “wetting” by 
molten semiconductor alloys. 


taminating impurities. 


Available as.... 


Plate Jigs Unit Jigs 


e Ask for Bulletin 117 


¢ Send prints for quotation today! 


INC. 
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DURAMIC PRODUCTS, 


266 Mott Street, New York 12, N. Y. | 
Phone: WAlker 5-1644 | 


Eig a eo ren a ee ee ee 
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Super-Sub-Miniature 


ransiormers 


For transistor circuitry 
in servo-mechanisms, hearing 
aids, radios, telephones 


wm High reliability guaranteed. 


pm Large quantities used, with transistors, 
by leading manufacturers. 


pm Some of the most Important prototypes 
in use today are: 


Type H W D 
M-200) reine .237 +.340 ~=.280 
P2010) secre 263. 810 (s32> 

AAT-408 .....%. 07 "376 3325 
SM-400_ ...... 400 .563  .485 
NA:2350)) cess .750 1 .750 
GEN-2020 ...... We" 1%" 7” 


® Immediate delivery from inventory cov- 
ering wide range of impedance ratios 
in sub-miniature and super-sub-minia- 
ture sizes. 


B& Prototypes—Designed or wound_ and 
enclosed to specifications. . Deliv- 
ery within two weeks. 


For further information and catalog 
call or write today ... 


Frank essler Co., Inc., 41-45 47th St. 


Tel.: STillwell 4-0263 


L.I.C. 4, NY. 
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“REGATRON POWER SUPPLY 
DOES THE WORK OF 3 


ORDINARY POWER SUPPLIES 


a case history 


(Model 212AM: 
0-100 V de, 0-100 ma, 
$129.00 unmetered) 


A MANUFACTURER required three different regulated voltages. 
The voltages, which were to be used alternately, could be furnished by three 
separate power supplies or by a single power supply and a voltage divider. 
But, three power supplies were expensive. On the other hand, a voltage 
divider meant a loss of power and regulation plus the expense of high- 
wattage components. 


Tue SOLUTION: Three 1-watt resistors and a *Regatron Program- 
mable Power Supply. An exclusive programming feature permits changing 
output voltage by shunting two terminals with a resistor. For each 1000 
ohms, the Regatron delivers one volt .. . at rated current and regulation. 


In THE PROBLEM quoted here, the required voltages were 14.5, 
28, and 45 V dc. The three resistors were 14.5K, 28K, and 45K. Regatron 
Programmable Power Supplies are available in many ranges up to 600 V dc 
and 3 amperes. Bulletin 765A tells more about how Programmable Regatrons 
solve d-c problems. Write for your copy. 


POWER FACT No. 6 Ripple and Noise: 


Ripple and noise, in some degree, are inherent in all power sup- 
plies. The relative importance of given types and magnitudes is 
closely linked to the application. Surprisingly, external factors may 
contribute. 

For definitions and a useful discussion of these matters, send for 
Technical Bulletin No. 2006, It is free. of charge. 


* Registered U.S. Patent Office. U.S. Patents Issued and Pending. 


ELECTRONIC 
MEASUREMENTS 


COMPANY, { N CO RP) OF RTA TE RD 
EATONTOWN + NEW JERSEY 
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Silicon Rectifier 
Type 5U4 Tube 
Replacement 


The $-5251 rectifier is designed to replace vac- 
uum tube rectifiers in applications where rug- 
gedness and dependability are important. No 
filament power is required and operation is in- 
staritaneous. High efficiency allows saving on 
transformer cost. 


© No Filament Power © Horizontal or Vertical 
© 1600 Peak Inverse Mounting 

Volts 
© 600 Milliamperes DC 
© Direct Replacement 
© High Efficiency 


© Good Regulation 
© Rugged Construction 
© Immediate B+ Voltage 


MAXIMUM RATINGS FOR 
S-5251 FULL WAVE SILICON RECTIFIER 


PEAK INVERSE VOLTAGE 1600 V MAX. PER SECTION 
PEAK RECTIFIER CURRENT....6000 MA MAX. PER SECTION 
D.C. OUTPUT CURRENT 600 MA MAX. 
AMBIENT TEMPERATURE 100°C MAX. 
REPLACES TYPE 5U4 


Write for Design Note #36 


INI 


from "larzian 


Silicon Rectifier 
Type 6X4 Tube 
Replacement 


e No Filament Power 


e 500 ma dc, 1600 piv 


e Small Size 


e Directly 


Interchangeable e Rugged Construction 


© High Efficiency © Hermetically Sealed 


RECTIFIER DIVISION 
DEPT. BLOOMINGTON, IND. 


SARKES TARZIAN, INC., 
415 NORTH COLLEGE AVENUE, 


IN CANADA: 700 WESTON RD., TORONTO 9, TEL. ROGER 2-7535 * EXPORT: AD AURIEMA, INC., NEW YORK CITY 
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SPRAGUE 


OPERATING MANUAL 


“ spancve paooucrs company 


Step-by-step 
manual tells how 
to dial-in circuits 


LATOR 
SPRAGUE TRANS sone 
pou TRANSISTOR ON 


Ls 


with handy, time-saving Transimulator* 


Transistor circuits in minutes! No breadboarding, no 
soldering. Set a few dials on the Sprague LF-1 Transim- 
ulator and you’re ready to make speedy and accurate 
evaluations of the operating parameters involved in 
your circuit design. It’s like giving wings to your 
circuit ideas. 

The Transimulator duplicates any amplifier stage, 
a-c or direct-coupled, short of high power audio out- 
put .. . whether the transistors are PNP, NPN, or 
surface barrier. And it does lots more. The operating 
manual details a wide variety of circuit variations. In 


* Trademark 


step-by-step fashion the manual tells you how to set 
up at least 19 separate circuits. It treats direct-coupled 
circuits as well as transformer-coupled circuits, mul- 


tiple stage operation, and measurement of transistor 
parameters. 


The Transimulator takes the fiddlin’ and fussin’ out 
of transistor circuit designing. You go right from 
diagrams to circuits with no wasted motion. The 
Transimulator pays for itself many only 


times over because it helps you $79.50 


work faster... work better. 


SEE THE TRANSIMULATOR IN ACTION! 


-+.at your nearest authorized Sprague distributor. 
Sprague Products Co., 467 Marshall St., North Adams, Mass. 
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